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[;Q G O3Og8�:a�<eG Qh8sJI8>:fw>8>O3OY=.Pb�,Oea&W�8?l�Pb[I[\<3W,O38?=�<�JIE�QhPb:;8?[\J;:I<g],Hb8>]�JfG O3<gHb],Qh8>]�Jf:I8�Ù��,<3:;8�QR8�]�JI[�1Ä�T[\S�[\J;8>Q [\�$wzE+Gb[J;E$<3[�Úbw>P9]�JIG9<g],<3],H�G7�Ï8>=ÎE��,]$a,:;8"aRw>Q-,�P �ìOg<eÙ��,<eatE�S�a�:IP9Hb8>]YÚ =NP9�$O3aRW�8fwsP9]|[\<ea�8>:I8�a/.;[;Q G O3O10AW�S�2b843ì8>:z[;P9]OeG W�P9:zG{J;Pb:;St[mJzG ]$a,G9:Ia$[pG ]|aRJ;E,8A[;G �Ï8sJmSR:;8"Ùb�$<g:I8>Qh8>]�Jz[r=.Pb�,Oeah],P JNl,O3Gbws8ZG9]�SR[;<gHb],<g�|w>G9]bJpw>P9]$[\J;:zG <3]�JI[rPb]J;E$8@JIG :IH98>Jfa�8�[;<gHb]&Pb:�P9l�8>:zG{JI<gPb]Y1DFE,8FJzG :IH98sJpw>8>O3O$<e[pw>P9],],8"w�JI8�aRJ;P�G�wsP9]|a�8>]$[;8>:pOgP�w>G J;8"at�$l$[mJI:;8"G Q�P �ìJ;E,8Aws8�OgO�1x�d]hJIE,8Zÿ7G O3O|iäJIG :IH98>JJ;E$8ZwsPb]$a�8>]|[\8�:r<3[Ø�ÏP9:IQR8"aRW�SRwsPb]$ws8�]bJI:;<ew�wsS�O3<g]|a�:;<ew>G9O,[\E$8>O3O3[r=�<gJ;EhJIE,8ZG Í�<e[rP9�|JIE,8ZwsS�O3<g]|a�8>:z[rO3S�<3],H�G9OgPb],HJ;E$8�W|8"G Q Og<3],8b1�DFE$8�E,8�G J�8sÍ,wzE$G9],H98�:�[\E,Pb�,OeaàW|8�[;<3ç>8�aÇJIPªG O3OgP{=�J;E$8 JIG9:;Hb8sJ?J;P^W|8�w>P9]$a,8>]$[;8�aÇ<3]ßG:I8�G9[;P9]|G W,O38�l�8>:I<gP�a^P �pJI<gQh8+â�G��Ï8>=�E,P9�$:I[zã�1��d]à[;P9Qh8�JzG :IH98>JA[;S�[\J;8�Q [ZJIE,8 wsPb]$a�8>]|[\8�:A<e[@wsP�P9O38�a^W�SªG[;8>l$G9:IG J;8f:I8s�Ï:I<gHb8>:zG{JIP9:"1Y�d]�P9J;E,8�:N[;S�[mJI8>Q [pO3<eÙb�$<3a E$8>O3<g�,QáG JNj|1 U'5ý<3[.�$[;8�a�Gb[ØJIE,87:I8s�Ï:I<3H98>:zG ]�J"1xiN8�w�G �$[;8J;E$8�Q G Hb],8sJZ<3]^ÿ7G O3OxX�=�<gO3Ox:I8�Ù��,<3:I8?Og<eÙ��,<3aªE,8>O3<g�$Q JIE,8>:I8�[;8>8�Qh[ZOg<gJ\JIOg8R:I8�G9[;P9]&J;P&P9l�8>:zG{JI8�G�[;8>l$G9:IG J;8:I8s�Ï:I<gHb8>:zG{J;Pb:?�ÏP9:�J;E,8&JIG9:;Hb8sJ"1ÇDFE,8�[mJzG ]$a$G :zaùM76piF�Z� a�8�Og<3698�:;Sà[;S�[\J;8�Q�[\�,l$l,Og<38�[ U'5·L�G{JIQRP�[\l$E,8>:I8�$�,<ea�JIE,:;Pb�,H9E+G�2>c�L98{�'0ha�<eG Qh8>J;8>:ZW$G�S9Pb],8sJ"1NDFE,<e[fH�G9[�<e[f8>Í�l$G ]$a,8�a�J;E$:;Pb�,H9E+G:2�D}6{G9Og6b8?J;P l,:IP�a��$w>8O3<3Ù��,<eaÛ1ÄDFE,<3[r[;S�[mJI8>Q <e[Ä[\PbQh8>=�E$G JÄw>�,Q�W�8>:z[\PbQh8p�ÏPb:Ø[\Q G O3O�OgP�G9a,[�1`��Jr=NP9�,Oea�W�8�Q��|wzE�QhP9:I8Nw>P9]�698�],<38>]�JJ;Pª[;�,l,l$OgS+JIE,8hJIG9:;Hb8sJ?=�<gJ;EàOgP{=Fc�l,:I8�[I[\�$:;8tj$1CU;5áO3<eÙb�$<3a�J;E$:;Pb�,H9EàG�[\Q G O3OÄJ;:zG ]|[m�Ï8�:?Og<3],891 ��J�=NP9�$O3aÇW�8l�Pb[I[\<3W,O38fJ;Pta�:IG�=ÎO3<3Ù��,<eah�Ï:IP9Q¦J;E$8ZQ G Hb],8sJp<g�xG?l�P9:;J.<e[NG�6�G9<gOeG W$Og8b1`�d]�ÿ7G O3O�i�<gJ.=FG9[r�ÏPb�,]$a�w>P9]�698�],<38>]�JJ;P a�:zG�=ÐO3<3Ù��,<ea&E,8>O3<g�$Qé�ÏP9:FJIE,8AJIG :IH98>J.�Ï:IP9Q G�W,�<3�8�:fa�8>=FG :F=�E,<ewzE&<e[N�$O3Og8"a�W�S�G#2�DÐ6{G O3698b1ÄDxPhG O3OgP{=�ÏP9:.GA[;<3QR<3OeG :pG9:;:zG ],Hb8>Qh8>]�JÄ<g] ÿ7G O3O$X�Ú�G@j$1CU;5 [\�,l$l,OgStW$G�S9Pb],8sJØG9]$ahG�U;5}w>P9OeaR:;8>J;�,:I]tW|G�S9P9]$8sJØ[\E$P9�,OeaW�8?l,:;P{6�<ea�8�aY1DFE,8@8sÍ�JI8>]�JFJ;Ph=�E,<ewzE�JzG :IH98sJfw>P9Qhl|Pb],8>]�Jz[N[;E$Gba�P{=)J;E$8?698sJIPRw>P9�,]�JI8>:�Q��|[mJ�W�8�wsP9]|[\<ea�8>:I8�aY1Ä��PbQh8[;E$G9a�P{=�<3],HtP �`JIE,8@698>J;PhwsP9�$]bJI8>:F=�<3OgOÛW�8@�,]$G�69Pb<3a$G W,O389Ú�[;<g]$w>8ZJIE,8?ws8�OgOÛQt�$[mJ�W�8?[\�,l$l|Pb:\JI8�aÛ1Ø�7[F=.8@G :I8:I8>O3S�<3],H+Pb]àw>P9]�698"w�JI<gPb]�JIP+:;8�QhP{698hE,8�G J��Ï:IP9Q JIE,8 JzG :IH98sJ�w>8>O3Op<gJ�=NP9�,OeaÇW|8 ��G�6bP9:zG W,O38RJ;P+O3P�w>G{JI8 J;E$8E,8"G{J�8sÍ,wzE$G9],H98�:FGb[�wsO3Pb[;8ZJIPRJ;E,8@JzG :IH98sJfw>8>O3OYG9[Fl�Pb[I[\<3W,O3891rDFE,<e[�=.Pb�,Oea�:I8�[;�,OgJF<3]�<g]$w>:;8"G9[;8�a�[\E|G9a�P{=�<3],HP �NJ;E$8�698>J;P+wsPb�,]�J;8>:"1���J�<e[?],P9J�wsO38�G :@JIE$G{JRwsP9]�6b8�w�JI<gPb]�G9OgPb],8 =.Pb�,Oea^W�8�[;��è�ws<38>]�J�<��FJIE,8�wsPb]$a�8>]|[\8�:=N8>:I87O3P�w>G{JI8�a&P9��Jz[\<ea�8AJ;E$8?698sJIP a�8sJI8�w�JIP9:"1rDFE,<3[�a,8�[;<gHb]�w>P9�,Oea�8"G9[;<gO3S W�8@J;8�[\J;8"a��$[\<3],HRJ;E$8@ÿ7G O3O`iÎJI8�[\Jws:IS9P�[mJzG{J"1DFE,8?E�S�a�:IP9H98�]�w>8>O3OY<e[�OgP�w�G{J;8"a�<g]$[;<ea�8�P �rG [Iw>G{J;J;8�:;<3],H�wzE$G9Q�W�8>:FJ;P l$:;P{6�<ea�8?G ]+<e[\PbO3G J;<3P9]�6�Gbws�,�$Q�1
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��<gHb�,:I8�0,1CB=&ØD�G :IH98sJ�:I8>Hb<gPb]&<3]$wsO3�$a�<3],HhJzG :IH98sJZw>8>O3O-Ú$6�Gbws�,�$Q [Iw>G{J;J;8�:;<3],H�wzE$G9Q�W�8>:"Ú,[mJzG :;JZwsP9�$]bJI8>:"1.������c�|w><g8�]bJN:;P�PbQ¦8>Í�<3[\JI[p�ÏP9:NG�698�:\JI8sÍ�a�8>J;8�wsJ;Pb:�1Ä�fOe[\PR[\E$P{=�] �ÏP9:.:;8>�Ï8>:I8>]$w>87G :I8�JIE,8?MNX?M�G ]|ahJ;E,<ewzy�],8�[I[.P �J;E$8?QhG9H9],8>J�<g:IP9]�G ]$a&�,l$[\J;:I8�G9Qo6b8sJ;P|1

DFE,8?=FG O3O3[NP9�xJIE,<3[ZwzE$G QtW|8�:F[;E,Pb�,O3a&W�8?y98>l,JZG9[NJ;E$<g]+G9[Fl�Pb[I[;<gW,O3891Ä�d]+ÿZG9OgOYiAÚ,l$O3Gb[mJI<3w7�ÏPbG9QowzE$G9Q�W�8>:z[E$G�6b8tW�8>8�]��$[;8�a�[\�|w>ws8"[;[\�Ï�,O3OgSb1tDFE,8RJzG :IH98sJ@6{G9w>�,�,Q <e[AOg<3y98�OgS�JIP�W�8 [\E|G :I8�aª=�<gJ;E�J;E$8R�$l$[mJI:;8"G Q G9]$aa�P{=�]$[\J;:I8�G9Q�W|8"G QRc�O3<3],8�[�1áDFE,8ÇJIG9:;Hb8sJ&6{Gbws�,�,Q wzE|G Q�W�8>:�=NP9�,Oea)<3]$wsO3�$a�8æG�[\8�:;6�<ews8�l|Pb:\J��ÏP9:�J;E$8:I8s�Ï:I<gHb8>:zG ]�J�Ú�JIG9:;Hb8sJFHbGb[�G ]$a&<g]|[mJI:;�,Qh8�]bJzG{JI<gPb]�w>P9],],8"w�JI<gPb]$[>1��PbOg<eaßJzG :IH98>JI[ G :I8�:;8"Ùb�$<g:I8�aä�ÏP9: l,�$:;l�Pb[;8�[hP9�Aw>G9Og<3W,:zG{JI<gPb]�G9]$aù[\J;�|a�S�<g],Hßa,8sJ;8"w�JIP9: :I8�[;l|Pb]$[\8b1Î��JQ G�S&W�8ta,8�[;<g:zG W,O38?JIP�:I8>l,OeG9w>8@J;E,8tJIG9:;Hb8sJZws8�OgO�=�<gJ;E^G�Q��,OgJ;<gc-�ÏPb<gO�.\Pbl�J;<ew>[fJIG9:;Hb8sJ>0R�Ï:IP9Q·JI<gQh8�JIP�JI<gQh891�d]$[\JIG9OgO3<g]$H7JIE,8FJIG9:;Hb8sJrG ]$atW,:I<g]$H9<3],H@<�JØ<3]�J;P@P9l�8>:zG{JI<gPb]�=�<3OgO,l$:;PbW$G W,O3S?:I8�Ù��,<3:;8.Jm=.P?a,G�S�[�1x�ÎQh8�wzE|G ],<e[\QJ;P?<3]�J;:IP�a��$ws8�[;P9O3<3atJzG :IH98sJz[�8><gJ;E,8�:Ø�,l$[\J;:I8�G9Q P9:Øa�P{=�]|[mJI:;8"G Q P9�$J;E$8fE�S�a,:;PbH98>]Rws8�OgO,=NP9�$O3atW|8�l�Pb[I[;<gW,O3891M.P9]|[\<ea�8>:zG{JI<gPb]�[\E$P9�,Oea�W�8.Hb<g6b8>]@JIPZJIE,8.]��,QtW|8�:xP9�|a�<?3�8�:;8�]�JxJzG :IH98sJz[Y:I8�Ù��,<3:;8"a�G ]|a@J;P7J;E,8�<g:�l,OeG9w>8>Qh8>]�J�1�NJ\JzG9wzE,<3],H�JIE,8�698�:\JI8sÍàa�8sJI8�w�JIP9:RG ]$aÇ698>J;Pªw>P9�,]�J;8�:?J;PªJ;E,8 JzG :IH98>J�6�Gbws�,�$Q wzE$G9Q�W�8>:�=�<3O3O.O3P�w>G{JI8J;E$Pb[;8ªa�8sJI8�w�JIP9:z[�G9w�ws�,:zG{JI8>O3Sæ=�<�JIE):;8"[\l�8�wsJ J;PàJIE,8ª6{G9w>�,�,Q�wzE$G QtW|8�:�ÚNW,��J�Q G�Säw>P9Qhl,O3<3w�G{JI8�JIG :IH98>JG9[I[;8>Q�W$OgSßG9]$aÎa�<3[IG9[I[;8>Q�W$OgSb1�DFE,8+w>P�PbO�cda�P{=�]�G ]$aù6{G9ws�$�,Q÷QhP JI<gPb]ùP9�ZJIE,8�JIG9:;Hb8sJ�ws8�OgO�:I8>OeG{JI<g6b8�JIPJ;E$8t6{G9w>�,�,QñwzE$G9Q�W�8>:Z=�<3O3O�:I8>Q G9<g]ªQ G;(mP9:7[;P9�$:Iw>8�[fP9�Ø�,]$w>8>:;JIG <3]�JmS&<3]ªJIE,8tJIG :IH98>J7ws8�OgO�l�Pb[;<�JI<gPb]Y1ADFE$8G O3<3H9],Qh8>]�J :I8�Ù��,<3:;8�QR8�]�JI[R�ÏP9:hJIE,<e[�G :I8�],P J�[;8>6b8>:I8&W,�,J&[\E$P9�,OeaäW�8^w>P9]$[;<3a,8>:I8�aù8�G :IO3Sæ<g]�J;E$8^a�8�[;<3H9][\JIG Hb891���J�<e[�O3<gyb8>O3S^JIE$G{JtG�:zG <3O.[;S�[mJI8>Q�=.Pb�,O3aàW�8��$[;8�aÇJIPªl�Pb[;<�JI<gPb]àJ;E,8 JzG :IH98>J�<g]$[;<ea�8 J;E$8�Q G H9]$8sJ�ÚG9[ZJ;E$8�<3]$[\8�:\JI<gPb]^w>G9:\J7<3[7�$[;8�a�JIP�l�Pb[;<�JI<gPb]+J;E,8hws:IS9PbH98�],<3wAJzG :IH98>JZ<g]ÇÿZG9OgOÄiA1���<3H9�,:I8t0$1 Bh<3O3Og�$[\J;:zG{JI8�[7GJIG9:;Hb8sJØws8�OgO�[\<3Qh<gOeG :ÄJIP?P9],8�=�E$<3wzEhE$Gb[rW|8�8>]h�$[;8�aR<3]�ÿZG O3O$iäl|P�[\<gJ;<3P9],8"aR<g]$[;<ea�8�J;E$8ZVAOg�,8�ü}a�8>J;8�wsJ;Pb:�1��d]J;E$<3[Na�8�[;<3H9] JIE,87w>8>O3O�<3]$w>P9:Il|Pb:IG J;8�[pG ] 8sÍ�JI8>]$a�8"a�:I8>8�]bJI:IG9]�Jp=�<g]|a�P{=�J;P�l$O3Gbws87G9OgO|Qh8sJIG9OgO3<ew7w>P9Qhl|Pb],8>]�Jz[�,l$[\J;:I8�G9QáP ��J;E$8?698sJIPRa,8sJ;8"w�JIP9:"1



����������	�

��������	 È������ZÌ�� 	���	�������
����! #" ���%$ U
½ ¾A@ B
øDC4E�ÃØÅGF ÂFûÄÃ�H
I�JLK�JNM OQP�R�S�TUP�VXWZY9[�\�]
DFE,8F8>O38�wsJ;:IP9Q G Hb],8sJI<3wAâ^6.�^ã�w>G9OgPb:;<3Qh8sJ;:IS@�ÏP9:ÄJIE,8AÈRÉ�ÊYË�Ìý8sÍ�l�8>:I<gQh8>]�Jr<e[ra�<g6�<ea�8�aR<3]�JIE,:I8>8Fl$G :;JI[�Ú 8"G9wzEE$G9]$a�O38�a�W�S�Gha�<_3ì8>:I8>]�JZa�8>J;8"w�J;Pb:f[\�$W�c�[;S�[mJI8>Q�1DFE,8N698�:;S@�ÏPb:;=FG :za�G ]$H9O38�[Fâa`-b 2>j�c�ã�P �,JIE,8  �d ÉbÉ�$ a�8sJI8�wsJ;P9:r=�<3O3O�W|8�wsP{6b8>:I8�a?W�S�G9]t8>Í�<e[\J;<3],H7O38�GbaH9OeG9[I[�a�8sJI8�w�JIP9:Fâ-É9eZfxãx�$[\8"a�<3]�JIE,876.�bUbBF8sÍ�l�8>:I<gQh8>]�JrG{Jri�gZ_�G ]$a�:;8>c�[\JIGbwzy98�aAJIP7Qh8�8sJ�J;E,8FH98�P9Qh8sJI:;<ew>G9OG9w�ws8�l�JIG9]$ws8Rws:I<�JI8>:I<3Gh�ÏPb:  �d É�Éh$&1ÛDFE,8tG9l,l,:IP�Í�<3Q G{JI8�l|PbO3G9:7G9],H9�,OeG :7:IG9],H98&2>j9c#b%`ib�2"L9��c?=�<3OgOÄW�8[;�,W�J;8�]$a�8"a+W�S�JIE,8�W$G9:;:I8>O`w�G O3P9:I<gQh8>J;8>:"1F�x<3]$G9OgO3S9Ú|J;E,8t�,l$[\J;8"G Q�Ú$OeG :IH98>c�l�P9OeG :fG9],H9O38?:;8�H9<3P9]æâa`kj¬2�Lb�lc�ã=�<3OgOYW�8@J;E$8�a�P9Q G <3]�P ��J;E,8?�,l|[mJI8�G Qol,E,P JIP9]�698>J;P$16pGbwzE P �YJIE,8�[;87J;E,:I8>8@[\�$W�c�[;S�[mJI8>Q [.<3[.J;:I8�G J;8"a <g]|a�<g6�<ea��$G9OgO3S <g]�Gta,8�a�<ew>G J;8�a&[\�$W$[\8"w�JI<gPb]�=�<�JIE,<3]�JIE,<3[wzE$G9l�J;8�:�1
I�JLK�JLm npoqWsrtWuTUv�w'OQP�TUY9YQx/TUP�Rzy+[|{�W~}=Wuy
DFE,87QRP�[mJFa�P{=�]$[\J;:I8�G9Q�[;�,W$[;S�[\J;8�Q
P �ìJ;E,8tÈRÉ�ÊYË�ÌT8sÍ�l|8�:;<3Qh8>]�Jp<e[ØJIE,8ZO38�Gba H9OeG9[I[Øa�8>J;8"w�J;Pb:Aâ�É�e�f`ãsÚ�G9]8>O38�wsJ;:IP9Q G Hb],8sJI<3wZw>G O3P9:I<3QR8>J;8�:pwsPb]$[\<e[\J;<3],H�P9�Y],8�G9:;O3ShBbU vbv?Og8"G9ahHbO3Gb[;[pW,OgP�wzy�[�1ÄDFE$8Zl,�,:Il�Pb[;8ZP �ÛJIE,8AÉ9e�f<e[rJ;P�a,8sJ;8"w�JFG ]$aRQh8�Gb[\�,:I8F�ÏP9:I=FG :za�c�HbP9<3],HAl,E,P JIP9]$[r�Ï:;PbQ J;E$87a�8"w>G�S�[ÄP �Ûå~�9Ú��hG ]$ahP9J;E,8�:ØQh8�[;P9]$[�1�DFE$8É9eZf�=�<3OgO`G9O3[;Phl,:IP{6�<ea�8@Gt��G9[\Jf8>],8�:;HbS�[\�,QoJ;P W�8?�$[;8�a&<g]�J;E$8?Og8�698>Ogcz2ZJI:;<3H9Hb8>:"16pGbwzEtW$OgP�wzy�E|G9[Øa�<3Qh8>]$[;<3P9]$[rP9��j��?j��?j�U7w>Q-,fG ]$atJIE,8>ShG :I8�G :I:IG9],H98"a�<3] G@],8�G9:;O3Stw><g:zws�,OeG :Ø[\JIGbwzyì1DFE,8�:zG9a�<3�$[�â��t2�Q ã�<e[rQ G{JzwzE,8�atJIP7JIE,8ZG9l|8�:\JI�,:;8FP9�|JIE,8@ÈRÉ�ÊYË�Ì¬[;P9O38>],Pb<3atQ G H9]$8sJ�1ÄDFE,8FJmS�l�8fP ��H9OeG9[I[�$[;8�a�<g]�6.�bUbB?G ]$ak� d fZ�+�u�ìG ]$a�l,:IP9l�Pb[;8�aR�ÏP9:F�$[;8Z<3]ªÈhÉbÊYË,ÌT=FG9[pl,:;P�a��|ws8�a�<g]&~��$[I[\<eG�G9]$a�<e[.w�G O3Og8"aJmS�l|8��Ä� c�vbv,1���Jz[�wzE,8>Qh<ew>G9OpwsPbQRl�Pb[;<gJ;<3P9]à<3[�j�Ul�ñnØW�4tÚYj�B�1 ���ñ��<�4 × Ú.2"v,1 j9�!5 × 4áG9]$a�291 ���!g7G × 4t1DFE,<e[�HbO3Gb[;[�E$G9[RG ]ä<g]$a,8sÍæP �Z:I8s�Ï:zG9wsJ;<3P9]æP9��291 0bB�ÚrG�a�8>]$[;<gJmSÇP9�ZL,1 0ªHbQ:8 wsQ-,{ÚpG^:IGba�<eG{J;<3P9]æO38>]$H J;EäP �L,132hwsQ�G9]$a^G�]��$w>Og8"G :?wsPbOgO3<3[;<3P9]^O38>]$H J;EàP9�FB9B,1 U�wsQ�1 DFE,8hW,O3P�wzy�[A=N8>:I8RQ GbwzE,<g]$8�a+JIP+G&l$:;8"ws<e[\<3P9]�P �G W�P9�,JfBbUtQR<ews:IP9]|[F<g]&J;:zG ]$[;698�:I[;8@a�<gQh8�]$[\<3P9]|[�G ]$a��|G{JI],8�[I[�[;Ph[\JIGbwzy�<g],HtJ;E$8�G :I:IG�S a�P�8�[F]$P Jf:I8�[;�,O�J�<3]HbG9l$[�1�DFE,8�M.8>:I8>],ybP{6ªOg<3H9E�J��Ï:IP9Q 8�GbwzEàW,OgP�wzyÇ<3[�6�<38>=N8�aàW�SàG+��6pk�cd� j9c�L�~��|[;[;<3G9]��<�q��1ªDFE,8k�<�q�W$Gb[\8"[fG :I8@P �ØG�M.P�wzybws:IP ��J;c�þàG OgJ;Pb]Çâ�M.þ}ã�a�8"[\<3H9]��g24��1NDFE,8t�+�q��� [Z=�<gO3O`W�8�:I8>Hb<3[\J;8�:;8"a�=�<gJ;E+:I8�[;l|8"w�J�JIPJ;E$8�H9OeG9[I[@�$[;<g]$H^Gªws8�OgO3�,OeG :�=FG O3OØJIE$G{Jt<g]$w>Og�|a�8�[R[\P9��J\c�<g:IP9]æG9]$a��ìc�Qh8>JIG ON[\E$<g8�O3a�<3],H|1�DFE$8�[\<3H9]|G Or�Ï:IP9Q8�GbwzEàW,OgP�wzy�=�<gO3OpW�8&a�<3H9<gJ;<3ç>8"aà=�<�JIEßG ]ß� c�W,<gJtB9U9v+�ªÿfç&���ZX?M71x�o[IwzE,8�QhG J;<ewhP �FJ;E$8�w>G9OgPb:;<3Qh8sJ;8�:?<3[[;E,P{=�]&<3]+��<gHb�,:;8?0$1 L$1��8�698>:zG O�P �xJ;E,8hÈhÉbÊYË,Ì¦w>P9O3O3G9W|Pb:IG J;<3],H�<3]$[\J;<gJ;��JI<gPb]$[�E$G�6b87W�8>8�]&<3]�69PbOg6b8�a�<3]&J;E,8?a�8"[\<3H9]YÚ,w>P9]$[\J;:I�$wscJ;<3P9]&G ]$a Pbl|8�:IG J;<3P9] P9�`w>G O3P9:I<3QR8>J;8�:I[pP �`G�a,8�[;<gHb]�[\<3Qh<gOeG :.J;P�J;E$G J.l,:I8�[;8>]�J;8"a E,8�:;8AG ]$a <3] JIE,8AG9]$G O3S�[\8"[P �fa,G JIG��Ï:IP9QòJ;E,P�[\8�w�G O3P9:I<gQh8sJI8>:z[>1&DFE,8 �$:z[mJ�P9�FJ;E,8"[\8�w�G O3P9:I<gQh8sJI8>:z[@=NGb[�G+L9vbv9v c�W,O3P�wzyªw>G9OgPb:;<3Qh8sJ;8�:�$[;8�aù<g]ùJ;E$8i6.�bUbB+8sÍ�l�8>:I<gQh8�]bJ�G J iN:IP�P9y�E$G�698�]ß_`G9W â�i�g7_xãR=�E,<ewzEä�$[;8�a�G ]ý2��ÇÒ?Ó{Ô.Õ Ö�å�� W|8"G QG ]|aßJIE,8�Q��,OgJ;<3l$G :;J;<ewsO38�[\l�8�wsJ;:IP9Qh8sJI8>:+â��ªnN�,ã�1.XZ8>JIG <3Oe[hP �fJIE,8+a�8�[;<gHb]�G9]$aßPbl|8�:IG J;<3P9]ùP �7l$:;P9J;P JmS�l�8w>G9OgPb:;<3Qh8sJI8>:z[.G9]$a�JIE,8@P9],8A�$[;8�a&<g]i6p��U9B�E$G�698AW|8�8>]�l,�,W,O3<e[\E,8"a�� B�Ú,L;��1p��8>698�:IG9O|l$E�S�[;<3w�[N:;8"[\�,OgJI[FW|G9[;8�aP9]�Qh8�Gb[\�,:I8>Qh8�]bJz[F=�<�JIE�J;E,8D6.�bU9BRÉ9eZf�=�<3OgOYW�8�a�<e[;w>�$[I[\8"a�E,8�:;8b1�f]�É9e�f�=NGb[ØG Oe[;PA�|[\8"ah<g]hJIE,8�� d f��<�u�|8sÍ�l�8>:I<gQh8�]bJ�� j,Ú�U��ìG{J�2�_`G9WtJIE$G{J.=NGb[rOgP�w�G{J;8"aha�P{=�]$[\J;:I8�G QP �NJ;E$8�MN_`�A��a,8sJ;8"w�JIP9:�<3]  td ÉbÉ��áG9]$aÇ�$[;8�aÇ<g]ßG�W$:;8�Qh[I[\J;:zG E,O3�,],H�l,E,P9J;P9]àW�8�G9Q�l,:IP�a��$w>8�aÇ=�<�JIEU�1 jtÒ?Ó{ÔT8>O38�wsJ;:IP9]$[�1�DFE$87HbPbG O�P ��� d fZ�+�u�ì=FG9[NG�Qh8�Gb[\�,:I8>Qh8�]bJFP �ÛJIE,8@:IGba�<eG{J;<36987a�8�w�G�SRQhP�a�8"[.P9�YJ;E$8� QR8"[\Pb]�:I8�[;�,OgJ;<3],H+<3]��|698sc�l,E,P9J;Pb]^�$]|G Op[\JIG J;8�[�1�DFE,8 8>Í�l|8�:;<38>]$w>8 HbG9<g],8"a^=�<gJ;EàJIE,8�� d f��<�u�NÉ�e�f�<3[8sÍ�JI:;8�QR8�OgSR6{G O3�$G W$Og8Z�ÏP9:fÈhÉbÊYË,Ì�1��Z[.=�<gO3O|W�87a,<3[Iws�$[I[;8�a W�8>O3P{=?Ú9JIE,8Zå~�AG ]$a:�RQ Gb[;[p:;8"[\PbOg��JI<gPb]$[ØW|G9[;8�aP9]^QR8"G9[;�,:I8>Qh8>]�JI[f�Ï:;PbQ·J;E,8 É�e�fæ<3Qhl,:IP{698�Gb[�J;E$8Ra�<e[\JIG ]|ws8��Ï:IP9Q·JIE,8tl$:;P�a��$wsJ;<3P9]ªl�P9<3]�J7P9�pl,E,P9J;P9]|[â�JIE,8�JIG9:;Hb8sJzã�J;PÇJIE,8ªÉ�e�fÐ<3]$w>:;8"G9[;8�[�1ßDFE,8�:;8"[\PbOg��JI<gPb]$[RG Oe[\PÇ<gQhl,:IP{698�G9[tJ;E$8�Qh8"G ]äl$E,P JIP9]ä8�],8>:IH9S<3]$ws:I8�Gb[\8"[AG9]$a�J;E��$[?Gb[AJ;E,8 W�8�G9Qò8>]$8>:IH9Sª<3]$ws:I8�Gb[\8"[>1hnØE$P J;Pb]$[@l,:IP�a��$ws8"a^<3]�� d fZ�+�u�Ø:I8�[;�,OgJ;8"aª�Ï:IP9Q<3]bJI8>:zG9wsJ;<3P9]$[@P9�FW�8�G9Qòl,E$P J;Pb]$[?P9�N8�],8>:IH9<38�[�a,<3[\J;:I<gW$��J;8"aÇG9OgQhP�[mJ��,]$<��ÏPb:;QhO3S�<3]ÇJ;E,8�:zG ]$H98R�Ï:;PbQ�L�JIPU�1 j�Ò?Ó�Ô G ]|a+J;E$8tJzG :IH98>J7JIP�É9eZfùa�<e[mJzG ]$w>8h=NGb[��t2RQ�1t�,Pb:RÈRÉbÊ`Ë�ÌáJIE,8hl,E,P9J;P9]�8>],8�:;HbS+<3[@��Ò?Ó{ÔG ]|a�JIE,8@JIG9:;Hb8sJFJ;P�É9eZfÇa�<e[\JIG ]|ws8@<3[��@U�Q�1iFG9[;8�a�P9]tJ;E,8F8sÍ�l�8>:I<g8�]$ws8F=�<gJ;ERJ;E$8�É9e�fU� [Ä�$[\8"a�<3]-6p��U9BfG9]$a�� d fZ�<�Z��=N8N8>Í�l|8"w�JÄJ;E,8@ÈhÉbÊYË,Ì É9e�fJ;P�l,:IP{6�<3a�8tJ;E$8RHb:IG9]��,O3G9:;<gJmS�G ]$a^:;8"[\PbOg��JI<gPb]^:I8�Ù��,<3:;8"a+JIP�w�G :I:;S�P9�,JAJIE,8 G Qhl,O3<�JI�$a�8 G ]|G O3S�[;<e[Z],8�8�a�8"aJ;PhQ G l�JIE,8�[\l�8�wsJ;:I�,QoP9�xHbOg�,Pb],<ew78>Í,ws<gJIG{JI<gPb]$[�Ú�J;E,8?HbPbG OìP9�xJIE,<3[f8sÍ�l|8�:;<3Qh8>]�J�1�d]�=�E|G{Jp�ÏPbOgO3P{=f[.=.8@G Oe[\PRG9a,a,:;8"[;[.[\8�698>:zG O$J;8"wzE,],<ew>G Oì<e[;[;�,8"[p:I8>H�G :za�<g]$H?J;E,8tÈRÉ�ÊYË�Ì
É�e�f^<g]$w>Og�|a�<g]$H<e[;[;�,8�[fP ��J;E,8�Gb[;[;8�[I[;QR8�]�JFP9�xJIE,8t6.�bU9BtG ]|ai� d fZ�<�u�xHbO3Gb[;[�G9]$a��<�q��� [FJ;E$G JZ=�<3OgOYW�8��$[;8�a�<3]àÈRÉ�ÊYË�Ì&Ú
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ws�$:;<3],H�P �.:zG9a,<3G J;<3P9]�cda,G Q G9H98�a�HbO3Gb[;[�Úì8>O38�wsJ;:IP9Q G Hb],8sJI<3w�W$G9wzy�H9:IP9�$]$a,[7<g]�J;E,8hW�8�G9Q :;8�H9<3P9]YÚÛ[;E,<38>Oea�<g]$H�<����� [F�Ï:IP9QéJIE,8@�Ï:I<g],Hb8A�$8>Oea�P ��J;E,8�[;P9O38>],Pb<3aYÚ�w�G O3<gW$:IG J;<3P9]�G ]$a&QhP9],<gJ;Pb:;<3],H$1

��<gHb�,:I8p0,1 L<&YDFE,8pOg8"G9a@H9OeG9[I[Ya�8>J;8"w�J;Pb:xGb[YQhP�a�<��|8�a@�ÏPb:�VAO3�,8>ü 1"B9U9v9vFO38�Gba@H9OeG9[I[ÛW,O3P�wzy�[`=�<gO3O9W�8.G9:;:zG ],Hb8�a<3]�GR],8"G :IOgS&ws<3:Iw>�,O3G9:�[mJzG9wzy�P9�x:zG9a�<3�$[��t2@Q�1

�����h������//�� ~¡p��#{%���'��9�
DFE,8 HbPbG OÄP9��6.�bU9B�=FG9[?G�[\8"G :zwzE^�ÏPb:?Qh8�[;P9]$[@=�<gJ;Eà�,]��$[;�$G O.Ùb�|G ]�J;�,Q�]��,Q�W�8>:z[@�$[;<g],H�JIE,8��ªnN�^G Ji�gZ_à=�<gJ;E+Gh_Y8"G9a�cmVAO3Gb[;[fMNG9OgPb:;<3Qh8sJ;8�:�1ÄDFE,8D6.�bU9BtÉ�e�fÇ=FG9[NOgP�w�G{J;8"a�U,1 jhQo�Ï:;PbQoGROg<eÙ��,<3a�ÿ × JIG :IH98>JO3P�w�G{JI8�a�Qh<3a�c�=FG�S�<g]|[\<ea�8�GhOeG :IH98?a�<3l|PbOg8�[;l|8"w�JI:;PbQR8>J;8�:�QhG9H9],8>J�1�6.�bUbBta,8sJ;8"w�JI8�a�G ]$a�Qh8�Gb[\�$:;8"a&W�P JIEwzE$G9:;Hb8�a�l$G :;J;<ewsO38�[7G9[�=N8>O3OÄG9[fl$E,P JIP9]$[f�Ï:;PbQ å~�RG ]$ai��Qh8�[;P9]$[�1fDFE,8tQR8"G9[;�,:I8�a�Q G9[I[f:I8�[;P9O3��J;<3P9]��ÏPb:å � G ]|a¢�&Qh8�[;P9]$[N=FG9[@2�vhG9]$a�BbU�£ Ó�ÔNÕ{Ö × :I8�[;l|8"w�JI<g6b8>O3S91��8�698>:zG O�l,E�S�[;<3w�[Ä:;8"[\�,OgJI[r�Ï:;PbQTG Qhl,O3<�JI�$a�8ZG9]$G O3S�[\8"[�W$G9[;8�ah[;P9O38>O3S�P9] a,G JIG7�Ï:;PbQ JIE,8ZÉ�e�f�E$G�6b8NW�8>8�]l,�,W$Og<e[\E$8�aÛ1z6p698>]�Jz[.<3]�=�E,<ewzE��ÏPb�,:Fl,E,P JIP9]$[F=N8>:I8A<3a�8�]�J;<g�$8�a�<3]�JIE,8�G O3O�c�],8���J;:zG O��$]$G9OY[mJzG{JI8Aj'¤�¥^Og8"a�JIPG ]|a�G ]|G O3S�[;8�[.P �`J;E,8Aå~��å~�-� 0�Ú|�G�YG ]|a�å~�¦��[\S�[\J;8>Q [�� �,Ú���ÚÛ2�v)��1r��<gHb�,:I8A0$1 jR[\E,P{=f[NGR[;w�G{J\JI8>:Il,O3P J.P9�`P9]$8¤�¤�8§3�8"w�J;<3698AQ G9[I[.w>P9QtW,<g]|G{J;<3P9]�698>:z[;�$[rJIE,87P9J;E,8�:�¤�¤�843ì8�w�JI<g6b87Q Gb[;[p�Ï:;PbQ¦J;E,8A:;8"G9wsJ;<3P9]�å��+¨¢©µj;¤ª¥r1M.O3�$[mJI8>:z[�G9[I[\P�w><3G J;8�a�=�<�JIE�J;E,8?å~�"å~�§¥àG ]$a&å~�¦��¥��$]$G9OY[mJzG{JI8�[�G :I8?wsO38�G9:;O3S P9W$[;8>:I698"aÛ1DFE,8�å~��å~�f843ì8�wsJ;<3698fQ G9[I[r[;l|8"w�J;:I�,Q��ÏP9:rJIE,8�å��«¨¢©µå~�>å~�¦¥&:I8�Gbw�J;<3P9]R<e[Ø[\E$P{=�]R<3]���<gHb�,:I8F0$1 U,1�DFE$8l,:IP9Qh<3],8>]�J@�Ï8�G J;�,:I8t<3]ÇJ;E,<e[?[;l|8"w�J;:I�,Q <e[AJ;E$8�¬ × â\2"Bb�9U9ã�J;8>]|[\Pb:AQh8"[\Pb]Y1RDFE$8h[;l�8�w�JI:;�$Q�G Oe[;P�[;E,P{=f[AG[;E$G :Il�a�<3l�G Jq�t2AÒ?Ó{Ô.Õ{Ö × JIE$G{JF<e[.�$]$a�8>:z[\J;P�P�a�G9[.8>6�<ea�8>]|ws87�ÏP9:NJ;E,8?[Iw>G9O3G9:pQh8�[;P9]i¬ � â-�9�9v�ãr<3]�J;8>:;�Ï8>:I<3],H=�<gJ;E+JIE,8�­Äc�=FG�698@W$Gbwzy�Hb:;Pb�,]$aÛ1f�Tl$G :;J;<eG Ox=NG�6b8�G ]|G O3S�[;<e[�â�npþ^�7ãZP �ÄJ;E$8�[;8ta,G JIG�[;8sJA=NGb[fl�8>:;�ÏP9:IQh8�a� 0,Ú$�G�Û�ÏP9:N8>6b8>]�JI[N<3]�6{G :I<3P9�$[.:IG9],H98"[p<3]�QhPbQR8�]�J;�,QéJI:IG9]$[\�Ï8>:I:;8"aR�Ï:;PbQ
J;E,8AJIG9:;Hb8sJNl,:;P9J;Pb] J;PtJ;E,8@:I8�w>P9<3O],8���J;:IP9]RG ]$at[\PbQR8NP �|J;E,8F:I8�[;�,OgJI[x�ÏP9:xJ;E,8FO3P{=.8"[mJÄQhP9Qh8>]�JI�,Q J;:zG ]$[\�Ï8>:Ä:zG ],Hb8.G9:;8F[\E$P{=�]�<g]h��<gHb�,:I8N0$1 0$1nØO3P Jz[�[;E,P{=�Pbl|8�]ßG ]$aÇ�|OgO38�aßw><g:zwsO38�[�wsP9:I:I8�[;l|Pb]$a�<3],H�J;PªQ G{JIE,8>Q G J;<ew>G O3O3SÇG9Q�W,<3H9�,Pb�$[?[;P9O3��J;<3P9]$[�=�<�JIEJ;E$8��$O3Og8"aßws<3:zwsO38�[�<3]$a�<ew>G J;<3],HªJIE,8�l$E�S�[;<3w�G ON[\PbOg��JI<gPb]$[�W|G9[;8�aæPb]æP J;E$8>:tw>:;<gJ;8�:;<eG,1�DFE,8k­�c�=FG�698 [\E$P{=f[
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��<gHb�,:I8@0$1 j«&Ø��w>G J\J;8�:;l$OgP9JNP9��Pb],8�¤«¤+843ì8�wsJ;<3698?Q G9[I[FwsPbQ�W,<3]$G{JI<gPb]&6b8>:z[\�|[pJIE,8@P JIE,8>:�¤�¤ª843ì8�wsJ;<3698@Q G9[I[�Ï:IP9QéJIE,8?:;8"G9wsJ;<3P9]�å��+¨¢© j;¤ª¥r1rDFE,8�[;8@Qh8�G9[;�,:I8>Qh8>]�Jz[F=.8�:;8AQ G9a�8?�$[;<3],HRJ;E,8D6.�bU9BRÉ9eZfØ1

ηπ effective mass (GeV/c2)
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��<gHb�,:I8�0,1CU=&�O38s��J¦& XZ<e[mJI:;<3W,��JI<gPb]æP �FJ;E$8�å~��å~�&843ì8�wsJ;<3698 Q G9[I[�<3]àJ;E,8¢6p�bUbB�:;8"G9wsJ;<3P9]Çå��«¨®©�å~�"å~�§¥r1:I<gHbEbJ¦&rXZ<e[mJI:;<3W,��JI<gPb]�P ��J;E,8¯��å~�?843ì8�wsJ;<3698?Q G9[I[F<3]�JIE,8D6p��U9B�:;8"G9w�JI<gPb]&å��«¨¢©°��å~�G¥r1
8>6�<ea�8>]|ws8F�ÏP9:ØJ;E,8�¬ � â��b�9v�ãÄ[;w�G OeG :rQh8�[;P9]h6�<3G@<gJI[p<g]�JI8>:;�Ï8>:I8>]$w>8�=�<�JIE�G@W,:;P�G9aRW$Gbwzy�Hb:;Pb�,]$aÛÚ�JIE,8�± � c�=FG�698[;E,P{=f[rJIE,8�¬ × âm2�Bb�9U9ãrG9]$ahJ;E$87l,E|G9[;87a�<?3�8�:;8�]$ws87W|8>Jm=.8�8>]�J;E,8�­�c�=FG�698fG9]$a�± � c�=FG�698"[Ø[\E$P{=ùJIE,8@wsOeG9[I[\<ewQhP JI<gPb]&8>Í�l�8�wsJ;8"a&P9�ÄGR:I8�[;P9]$G9]$ws8b1��<gHb�,:I8t0,1CU�G9O3[;P�[\E,P{=f[ZJ;E$8���å � 843ì8�wsJ;<3698RQhGb[;[@[;l|8"w�JI:;�,Qð�ÏPb:AJ;E,8Rå � ¨p©²��å � ¥ä:I8�Gbw�JI<gPb]Y1?DFE,<3[[;l|8"w�J;:I�,Q·�Ï8�G J;�,:I8�[ZW|P9J;E^J;E,8R[;w�G OeG :�³ � â-�9�bvbã�G9]$a�J;E$8�J;8�]$[;P9:�³ × âm2"LbB v�ã�1f�Tl$G :;J;<eG Ox=NG�6b8�G ]$G9OgS�[;<3[fP �J;E$<3[f[;S�[mJI8>QáE|G9[�G Oe[;PRW�8>8�]�l|8�:\�ÏPb:;Qh8�ap� �,Ú,�,Ú`2�v���1��<gHb�,:I8f0,1 �Z[;E,P{=f[ÄJIE,8q��åu´rå��^G9]$a#��å~�"å~�f8§3�8"w�J;<3698ZQhGb[;[pa�<3[\J;:I<3W,��J;<3P9]|[r=�E,8>:I8�=N8>O3O$y�],P{=�]hQh8�[;P9][\JIG{JI8�[�G9:;8@wsO38�G9:;O3S P9W$[;8>:I698"aÛ1ÄDFE,8���å~�"å~��[;S�[\J;8�Qé:;8"Ù��,<g:I8�[.JIE,8?:;8"wsPb]$[mJI:;�|w�J;<3P9]�P ��[;<gÍ�c�l,E,P9J;Pb]$[N<g]�J;E$8É9eZfØ1r4ZJIE,8>:ØG9]$G O3S�[\8"[Ä<g]�69PbOg6�<3],HAl,E,P JIP9]$[rG9]$ahwzE$G :IH98"a�l$G9:\JI<3w>Og8"[ÄE$G�698�G9O3[;P7W�8>8�] l,�,W,O3<e[\E,8"aR<g]$w>Og�|a�<g]$HG�[mJI�$a�S�P �pJIE,8:³ � â-�9�9v�ã7<g]ÇJ;E$8-��åu´Øå��)G9]$a/��å~��[;l�8�w�JI:IG��g292µ�NG ]$aÇG�l$G :;J;<eG OÄ=FG�698hG ]$G9OgS�[;8�[AP �NJ;E$8��åu´rå��Q��2�B¦��Ú=¶z�·�g2�L���Ú=¶Øå��Q��2�j)�`G ]|a¢��åu´Äå���å��X�g2"U��x[\S�[\J;8�Qh[�1
�����h¸�*+¹Z¡Ä�x%��� ~¡p��#{%���'x�b�
DFE,8�� d fZ�<�Z��a�8sJI8�w�JIP9:�<3[�[;E,P{=�]�[;wzE$8>Q G{JI<3w�G O3OgSA<g]t�x<3H$1�0,1 �,1�DFE,<3[�a�8>J;8�wsJ;Pb:`=FG9[YPbl|8�:IG J;8"a?a�P{=�]$[\J;:I8�G QP ��J;E$8tMN_`�7��a�8>J;8"w�J;Pb:�<g]  �d É�É¢�t1$DFE,8@W�8�G9Qo=FG9[F<3]$ws<ea�8>]�JfPb]�G B�1 090 c�w>Qáa�<eG Qh8sJI8>:"Ú|B�1CU{j9c�w>QéOgPb],H
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��<gHb�,:I8�0,1 0<&�~�8"[\�,OgJI[7P �pG�l$G :;J;<eG Ox=NG�6b8�G ]|G O3S�[;<e[�P �rJIE,8tå~��å~�R[;S�[mJI8>Qð<3]+J;E,8�6p��U9BR:I8�Gbw�J;<3P9]+å��«¨h©å~�"å~�§¥��ÏP9:.OgP{=ÎQhP9Qh8�]bJI�,Q¦J;:zG ]$[\�Ï8>:p8>698�]�JI[�1ÄDFE$8Z[\�$Q¦P9�`G O3O$=FG�698"[fâÏ�,l$l|8�:.O38s��J�ã�Ú�J;E,8�­�c�=NG�6b8�âÏ�,l,l�8>::I<gHbEbJ�ã�Ú�JIE,8�± � c�=FG�698AâÏO3P{=.8�:xO38s��J�ãÄG ]$a�J;E,8Fl,E|G9[;8.W�8sJm=N8>8�]�JIE,8�­Äc�=FG�698NG ]$a�± � c�=FG�698AâÏO3P{=.8�:x:I<3H9E�JzãxG :I8[;E,P{=�]Y1ÄnØO3P JI[N[;E,P{=ÎP9l�8>]&G9]$ah�$O3O38�a�w><g:zwsO38�[NwsPb:;:I8�[;l|Pb]$a�<3],H@J;PtQ G{J;E$8>Q G{JI<3w�G O3OgS G QtW,<3H9�,Pb�$[p[;P9O3��J;<3P9]|[=�<gJ;E�J;E,8@�|OgO38�a�ws<3:zwsO38�[F<3]$a�<ew>G{JI<g]$HtJIE,8?l,E�S�[\<ew>G9OY[\PbOg�,J;<3P9]$[FW$Gb[\8"a�Pb]&P9J;E,8�:fws:I<�JI8>:I<3G$1

η'(958)

f1(1285)

η'(958)

η(1440)

η(1295)/f1(1285)

��<gHb�,:I8�0,1 �9&ROg8>��JG& X7<3[\J;:I<gW$��J;<3P9]ßP9��J;E,8¢��åu´Äå�� G ]$aß:;<3H9E�JG&#��å~�>å~��Q G9[I[�a�<e[mJI:;<3W,��JI<gPb]$[�PbW$[;8>:I698�aÇ<3]6p��U9B,1
W�8>:IS�O3O3<g�,Q¨JIG :IH98>J�1ù���,:;:IP9�$]$a�<3],HªJIE,8�JIG :IH98>JhG9]$aß8>Í�J;8>]|a�<g]$H��ÏPb:;=FG :zaàJIPÇLbvlc��Ï:;PbQµJ;E,8�W�8�G9Q÷G{Í�<e[=FG9[hG�w>S�Og<3]$a�:I<3w�G O�[Iws<3]bJI<gO3OeG{J;Pb: a�8sJI8�w�JIP9:+â�i���X@ãR=�E,<ewzEùl$:;P{6�<ea�8�aæ]$8�G :IO3Sà�Ï�,OgO7G ],Hb�,O3G9:Rw>P{698�:IG9H98 �ÏPb::I8�wsPb<gOÄl,:IP JIP9]$[�1t���$:;:IP9�,]|a�<g]$H�JIE,8 iF�,X
=NGb[AG�w>S�O3<3]$a�:I<3w�G OÄOg8"G9a�cd[Iws<3]bJI<gO3OeG{J;<3],H��$W|8�:?l,E,P9J;P9]àa�8>J;8�wsJ;Pb:â�i�V@X@ã�=�E,<ewzEª[;8>:I698�a�J;P�:;8N(m8�w�J78>698�]�JI[�â�P;3�c�O3<g]$8"ã�=�<gJ;E+OeG :IH98?G9],H9O38�l,E,P9J;Pb]$[>1FDFE,8�l$:;<3Q G :IS&a�8>J;8�wsJ;Pb:
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wsPbQhl|Pb],8>]�Jf=FG9[fG 0�B v{cdwzE$G9],],8>OìO38�Gba�c�HbO3Gb[;[N=FG O3Opâ�_�V@XAãZG9[I[\8�Q�W,O38�a�J;P�G9l,l,:IP�Í�<gQ G{JI8?G ws<3:Iw>Og8�G9:;Pb�,]$aJ;E$87W�8�G9Q¦O3<3],87=�<gJ;E�G��¯�h�9w>Q ×7w>8>]�J;:zG O|E,P9O38f�ÏPb:pJIE,87l|G9[I[;G9H98�P �`J;E,87W|8"G Q�1ØDFE,8ZO38�Gba�c�H9OeG9[I[pa�8>J;8�wsJ;Pb:=FG9[�l�Pb[;<�JI<gPb],8�aà2b1 v���Qða,P{=�]$[mJI:;8"G QáP9�ÄJ;E,8�JIG :IH98>JZG ]$a�[;�,W�JI8>]$a�8"aªG ]ªG9],H9O38?P �ØG9l,l,:IP�Í�<3Q G{JI8>O3S&Bb� c�Ï:IP9QéJIE,8?W|8"G Q Og<3],891DFE,8�� d fZ�<�Z�@8sÍ�l�8>:I<gQh8>]�J�l,:IP{6�<ea�8"[�G ]}P9l,l�P9:;J;�,]$<�JmS�J;P��,]$a,8>:z[mJzG ]$aÎJIE,8ÇP9l�8>:zG{J;<3P9]}P ��GßO38�GbaH9OeG9[I[@w>G9OgPb:;<3Qh8sJ;8�:7<3]æG�W,:;8�Q [;[\J;:zG E,O3�,],H&l,E,P9J;P9]ÇW�8�G Q�1 DF=NP&<3Qhl|Pb:\JzG ]�J?<3[I[\�$8�[?G :I8R�,]$a�8�:I[\JIG9]$a�<3],HJ;E$8�8>],8�:;HbS�G9]$aà[\l$G J;<eG OØ:I8�[;P9O3��JI<gPb]ÇP9�.JIE,8�a�8>J;8"w�J;Pb:&â�:;8�Og8�6�G9]�J?�ÏP9:?JIE,8�:I8�wsPb]$[\J;:I�$w�JI<gPb]�P9�Få~�&G ]$a��Qh8�[;P9]$[zãNG ]$a�8�Og8"w�J;:IP9Q G9H9],8>J;<ewZW$Gbwzy�H9:IP9�,]$a$[>1_`Gbwzy�<g],H G�[;P9�$:Iw>8?P �r8>O38�wsJ;:IP9]+P9:Zl,E,P JIP9]ª[;E,P{=N8>:z[FP �ØG =N8>O3O�cda�8s�|],8�a�8�],8>:IH9SbÚ,J;E$8�� d fZ�+�u��8sÍ�l�8>:;c<3QR8�]�J�E$G9a^J;P�:I8>O3S+P9]�J;E,8 PbW$[\8�:;6b8�a+=�<ea�JIEÇP9�.y�],P{=�]ÇQh8�[;P9]$[7J;P+a�8"a��$w>8tJIE,8 8>]$8>:IH9S+:I8�[;P9O3��J;<3P9]�P �J;E$87O38�Gba�c�HbO3Gb[;[.w>G9OgPb:;<3Qh8sJ;8�:�1ÄDFE,8AP9W$[;8>:I698"a =�<ea�J;E�P �`]|G :I:;P{=ÎQh8�[;P9]$[N[;�$wzE&Gb[ØJIE,8@å � G9]$a:� JIE$G{JF�,]�ca�8�:;HbPhB)¤+a,8�w>G�S�<3[�a�8>J;8�:;Qh<3],8�a�W�S J;E$8@[;<3],H9O38scd[\E$P{=.8�:.8�],8>:IH9S�G9]$a�l�Pb[;<gJ;<3P9]�:;8"[\PbOg��JI<gPb]$[NP ��J;E,8?_�V@X�1�d]äw�G9[;8�[?=�E,8�:;8�J;E,8�[\l$G J;<eG ONwsP9]�JI:;<3W,��JI<gPb]ßw>G ]äW|8&],8>HbOg8"w�J;8"aÛÚ�J;E,8�[\<3],HbOg8�[;E,P{=N8>:�8�],8>:IH9S�:;8"[\PbOg�,J;<3P9]=FG9[@8sÍ�JI:IGbw�J;8"aªW�S�[;8>O38�wsJ;<3],H�l$G <3:z[7=�<gJ;EàPb],8 P �.J;E,8hJm=NP+[\E,P{=N8>:z[7<g]æG�]$G :I:IP{= 8>],8�:;HbS+=�<g]|a�P{=�G9]$a8sÍ,G9QR<3],<3],H�JIE,8R8>],8�:;HbS�[;l|8"w�JI:;�,QðP9�ØJ;E,8tP JIE,8>:"Ú��ÏP9:@G�H9<3698�]ªwsO3�$[\J;8>:;cd[\8�l$G :zG{JI<gPb]�G9],H9O3891@DFE,<e[Z8�],8>:IH9S[;l|8"w�J;:I�,Q�[;E,P{=f[�l�8�G9y�[�J;E$G JRw>P9:I:;8"[\l�P9]$aÇJIP+J;E$8&Q G9[I[;8�[?P9��J;E,8&å~��G9]$a��æG ]$aß=�E,Pb[;8�O3<g],8>c�[;E$G9l|8"[G :I8hwsP9]�6bP9O3��J;<3P9]$[7P �.J;E,8h8�],8>:IH9S�:I8�[;l|Pb]$[\8t�Ï�,]$wsJ;<3P9]$[A�ÏPb:@J;E,8RJm=NP�[;E,P{=N8>:z[Zl$Og�$[@w>P9]�J;:I<gW$��J;<3P9]$[7�Ï:IP9Q�,]$w>8>:;JIG9<g]�J;<38�[fP9]�J;E$8�[\E$P{=.8�:fws8>]�JI:;Pb<3a�l�Pb[;<�JI<gPb]$[>1FDFE,8�w>P9]�J;:I<3W,��J;<3P9]��Ï:IP9Q·[\l$G J;<eG OY:I8�[;P9O3��JI<gPb]&JIP J;E$8=�<ea�J;E�P �rJ;E$8tl�8�G9y�[7=FG9[fQh<3],<3QR<3ç>8"aªW�S��ÏP�ws�$[;<g]$H��$:z[mJAP9]+JIE,8t�ìÚÛ=�E,<ewzEª<e[7Gb[;[;P�ws<eG{JI8�a�=�<gJ;E^l|G <3:I[ZP �[;E,P{=.8�:I[pJ;E|G{JZG :I8A=.8�OgOY[;8>l$G9:IG J;8"a�P9]&J;E$8@��G9ws8@P9�xJIE,8?w>G O3P9:I<3QR8>J;8�:�1ÄiNS&G ]|G O3S�ç�<g]$H�JIE,8?a�8>l�8>]$a,8>]$w>8?P �J;E$8fl|8"G yR=�<3a�J;E P9]hJIE,8f8�],8>:IH9<38�[rP9�|JIE,8Z<3]$a�<36�<3a,�$G O�[\E,P{=N8>:z[�Ú�J;E,8Zw>P9]�69PbOg�,J;<3P9]h=NGb[r<3]�6b8>:;J;8"a�JIP?P9W�JzG <3]J;E$8&:"1 Q�1 [>1x:;8"[\PbOg�,J;<3P9]à�ÏP9:h[;<g],HbOg8�[\E$P{=.8�:I[�Gb[�Gª�Ï�,]$w�JI<gPb]äP9�Z[\E,P{=N8>:�8>],8�:;HbS�=�<gJ;E,Pb��Jh<g]�J;:IP�a��$w><g],H�GQhP�a�8>O��ÏP9:NJIE,878�],8>:IH9S a�8�l|8�]$a�8�]$ws8b1.47]$ws87J;E,8A8>]$8>:IH9Sh:;8"[\PbOg�,J;<3P9]�E$Gba�W�8>8�]&a�8>J;8>:IQh<g]$8�a&<g]�J;E,<e[N=NG�SbÚJ;E$8�[\l|G{J;<eG O.:;8"[\PbOg�,J;<3P9]Ç=NGb[@J;E,8�]ß8sÍ,G9QR<3],8"a�W�SÇOgP�Pby�<3],HªG J�J;E,8�8sÍ,ws8"[;[?=�<ea�JIEßP �NJ;E,8&å~��l�8�G yÇP{698�:=�E$G JN=FG9[N8sÍ�l�8�wsJ;8�a&W$Gb[\8"a��,l�P9]�8>],8�:;HbSh:;8"[\PbOg��JI<gPb]�G O3P9]$891Ä�d]�JIE,8@8>]$aYÚ,G��,]$<��$8"a&G9]$G O3S�[\<e[.<g]$w>Og�|a�<g]$HW�P J;E�8�],8>:IH9S�G9]$a�[\l$G J;<eG OÛ:I8�[;P9O3��J;<3P9]&843ì8�wsJI[�=FG9[�G9W,Og8AJIP :;8�l,:;P�a��|ws8AW|P9J;E�J;E,8?å~��G9]$ak��l,:IP �|Og8"[>1�Z[I[;�,Qh<g],HhJIE$G{J7J;E,8t[\l$G J;<eG OY:I8�[;P9O3��JI<gPb]�<e[f]$P JZ<3Qhl|Pb:\JzG ]�Jf�ÏP9:��¢©÷B)¤Ça�8"w>G�S�[>Ú,J;E,8�:"1 Q�1 [�1|[;E,P{=.8�:8>]$8>:IH9SÇ:;8"[\PbOg��JI<gPb]äw>G9]ßW�8&8>Í�JI:IGbw�JI8�aæ=�<gJ;E,Pb��J G9[I[\�,Qh<3],H�G9]�S��Ï�$]$w�JI<gPb]$G O.�ÏP9:IQµ�ÏP9:R<�Jz[ha�8>l�8>]$a,8>]$w>8P9]ý[\E$P{=.8�:�8>]$8>:IH9S91
DFE,<e[�QRP�a�8�O�c�<3]$a�8>l�8>]|a�8>]�J+[\PbOg��JI<gPb]}=FG9[�J;E,8�]ýw>P9Qhl$G :I8�aÐ=�<�JIEÐJ;E$8Ç[\JIG9]$a,G :zal$G9:IG9QR8>J;:I<gç"G{JI<gPb]/�g2�0��YP9�xJIE,8?Og8"G9a&H9OeG9[I[F8>],8�:;HbS :;8"[\PbOg�,J;<3P9]�H9<3698>]&<g]�6.Ù|1,0$1g2b1º«»¼¾½ ¿À ¼ÂÁ�Ã Ñ â�0$1g2�ã

DFE,8@�$:z[\JfJ;8�:;Q·P9]�J;E$8�:;<3H9E�JZw>P9]�JIG9<g]$[�J;E,8�8§3�8"w�Jz[fP �rl,E$P J;P�8�Og8"w�J;:IP9]+[\JIG J;<e[mJI<3w�[>Ú|=�E,<gO38?JIE,8�[;8�wsPb]$aJ;8�:;Q�=�:zG l|[��,l G O3OAP ��JIE,8æ[\S�[\J;8>Q G J;<ew^W,O3P�wzy�c-JIP c�W,OgP�wzyÎa�<?3�8�:;8�]$ws8"[&G9]$a}w�G O3<gW,:zG{JI<gPb]Ð8>:I:IP9:z[�=�E,<ewzEl,:I8>6b8>]�JÄJ;E,8�=�<ea�J;E P9�|JIE,8�:I8�[;l|Pb]$[\8N�Ï�,]|w�J;<3P9]h�Ï:IP9Q¦wsPbOgOeG l$[;<3],HZJIP�G?a�8>OgJIGA�Ï�$]$w�JI<gPb]R<3]RJ;E,8ZE,<gHbE�c�8>],8�:;HbSO3<gQh<gJ�1Ø�d]�P9:za�8�:.JIP�a�8�[Iws:I<3W|8AJ;E$8?å~��l|8"G y�=�<gJ;E�JIE,8�[IG Qh8@l$G :zG Qh8sJI8>:z[N<�Jf<e[�],8"ws8�[I[IG :IShJ;Ph<g]�JI:;P�a��$w>8?GQhP�a�8>O��ÏP9:7J;E$8R[;E,P{=N8>:Z[;l$G{JI<3G9Ox:I8�[;P9O3��JI<gPb]YÚ|=�E$<3wzE�<�Jz[\8�O��.a,8>l�8>]$a,[A�,l�P9]�[\E,P{=N8>:78>],8�:;HbS91@DFE,8�8�],8>:IH9Sa�8�l|8�]$a�8>]|ws8R<3[Al,:IP9l�P9:;J;<3P9]$G9OYJIP^2�Õ À ¼ =�<�JIE�G�l,:;Pbl|Pb:\JI<gPb]$G O3<gJmS�w>P9]$[\JIG9]bJ7J;E$G J@a,8>l�8>]$a,[APb]+J;E,8h[;<gç�8P �`J;E,8?_xV@X W$OgP�wzyh�g2��G��1U6pÙ�1�0,1CB?<e[�G9a�Pbl�J;8"ah�ÏP9:�[;E,P{=.8�:I[NG{JF],Pb:;Q G O�<3]$ws<ea�8>]|ws89Ú�=�<gJ;E&J;E$8Aw>P9]$[\JIG9]bJqÄ
8sÍ�l�8�wsJ;8�a&JIPRW�8�G :IP9�$]$a���QhQiÅ VA8�q ��ÆÇ 1 º«È ½ ÄÀ ¼ Ñ â�0$1 Bbã

�d]�J;E,8p� d fZ�<�Z�ZHb8>PbQR8>J;:ISßQ G ]�SäP9�7JIE,8^[;E,P{=N8>:z[RG9:;8���G9: �Ï:IP9Q÷]$P9:IQhG9O�<g]|ws<ea�8>]$w>8^G ]|a�[;PàJ;E$8[;E,P{=.8�:xa�8�l�J;E��$�$wsJ;�$G J;<3P9]$[�P �|:;Pb�,H9E,O3SAP9],8N:IGba�<eG{J;<3P9]?O38>]$H J;ERG Oe[\PAwsPb]bJI:;<3W,��JI8ØJIPZJIE,8Nw>8>]�J;:IP9<ea?l�Pb[;<�JI<gPb]:I8�[;P9O3��J;<3P9]�G9OgPb],HfP9]$8pP ��JIE,8F[\l$G J;<eG O�G{Í�8�[�1`DFE,<e[�=NGb[ÛJzG y98�]?<g]�JIPAGbw>wsPb�,]�J`<3]?J;E,8FG ]|G O3S�[;<e[YW�S@l,:;P'(m8�wsJ;<3],HP9]$8+:IGba�<3G J;<3P9]ùOg8�],H JIEù�Ï:IP9QKG O3P9],HÇJIE,8ª[\E$P{=.8�:�G{Í�<3[hPb]�J;PÇJ;E,8�JI:IG9]$[;698>:z[;8&l,OeG ]$8ªG ]$aÎG9a$a�<g]$HÇ<gJ�<3]Ù��$G9a,:IG J;�,:I8ZJIPRJ;E,8@W$Gb[\8AJ;8�:;Qo<g]i6pÙ�1,0,1CB�1rDFE,8A�$]|G OÛ6{G O3�,8�[N�ÏPb:fG O3Oìl$G :zG Qh8sJI8>:z[N=.8�:;8@a�8sJI8>:IQh<g],8"a�W�S[;<gQt�,O�JzG ],8�P9�$[�G9]$G O3S�[\<e[NP �xJ;E,8¯��G9]$a�å~��a,G{JzGR=�E,8>:I8AG9OgO`P �`JIE,8�G W�P{698A843ì8�wsJI[�G9:;8@<3]$wsO3�$a�8"a��ÏPb:�W|P9J;EY1
��É>�"%^Êß*��"%�'�Ëª�"�x�����-�x��� å~� *,'�¹ �·Ì *<É¦É�¸��9É�!����x��%-!|'�É
DFE,8ª8>Í�l|8�:;<38>]$w>8ª=�<gJ;EÎJ;E$8/6p��U9BÇG ]|aQ� d fZ�<�Z�7a,8sJ;8"w�JIP9:z[�G O3O3P{=f[ �$[ JIPß:I8�G9[;P9]|G W,O3Sß<3]bJI8>:Il|PbO3G J;8�JIP8sÍ�l�8�wsJ;8�aÐÈRÉ�ÊYË�Ì l|8�:\�ÏPb:;Q G9]$ws8b1àiFGb[\8"aßP9]äJ;E,8�a�<e[;w>�$[I[\<3P9]äG9W|P{6b8&G9]$aæJIE$G{J P �7:;8>�Ï8>:I8>]$w>8/�g2�����=N8
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Be target

LGD

BSD

BGD

Radphi Detector

��<gHb�,:I8@0$1 �+&rDFE,8t� d fZ�+�u�Ya�8>J;8"w�J;Pb:�1

��<gHb�,:I8�0,1 �<&F�d]�6{G :I<3G9]bJ7QhGb[;[7a�<e[mJI:;<3W,��JI<gPb]ªP �Øå~�t©�B�¤ÎâÏO38s��J�ãZG9]$a��k©�B)¤�âÏ:I<3H9E�Jzãs17DFE,8tl$G :zG Qh8sJI8>:z[[;E,P{=�]ªG :I8@J;E,8tE,8><3H9E�Jtâ-nf2�ã�Ú�QR8"G ]ßâ-n.B9ãZG ]$a+[;<3H9Q Gªâ�n.LbãFP9�ÄJ;E,8hV@G �$[I[\<eG ]+l�8�G9y��$J\J;8"a�J;P�J;E,8Ra,G{JzGP{698�:�Gtl�P9O3S�],P9Qh<eG OÛW$Gbwzy�H9:IP9�,]$a&a�8�[Iws:I<3W|8"a�W�S�l$G9:IG9Qh8sJ;8�:I[Fnpj cdnp0,1
G9[I[;�,Qh87JIE,8?8>]$8>:IH9S :I8�[;P9O3��J;<3P9]�H9<3698�]&W�Sª&º+Í¼Î½ v$Ñ vbL90 Á v,Ñ v��{LÀ ¼ â�0$1 L�ã

G ]|a�JIE,8�[\l|G{J;<eG OÛ:I8�[;P9O3��JI<gPb]�<e[�H9<3698�]&W�Sª&
º«Ï ½ Ð Ñ ��Ñg2À ¼�Ò × Á â^Ó � [\<3]�`bã ×�Ô¢Ô â�0$1 j�ã

=�E,8�:;8#ÕªO3P�w�G{JI8�[AJ;E$8�[\E,P{=N8>:Al�Pb[;<�JI<gPb]Ç<3]�J;E,8 l,OeG ]$8RP9�.JIE,8�_xV@XáQR8"G9[;�,:I8�a+�Ï:IP9Q J;E,8�w>8>]�J;8�:?P �J;E$8�_xV@XtÚ<`h<3[�Qh8"G9[;�,:;8"a �Ï:IP9QoJ;E,8?],Pb:;Q G9O|JIPhJ;E,8�_�V@X¬l,OeG ],8bÚ=Ó � <3[FJIE,8?:zG9a�<eG{JI<gPb]�O38>],H9J;E�P ��H9OeG9[I[â�L$2@QRQ <g]�JIE,<3[Zw>G9[;8"ãNG9]$a ¼ <e[NJ;E,8?l$E,P JIP9]�8>],8�:;HbS <g]ªVA8�q�1�é�+Pb]bJI8�MNG :IOgP+[;<gQt�,O3G J;<3P9]ÇP �N�ÏP9:I=NG9:Ia^å~��G ]|a/��l,:IP�a,�$w�JI<gPb]^�ÏPb:�� d fZ�+�u��Ú�6.�bU9B&G ]|aäÈhÉbÊYË,ÌG9[I[;�,Qh8�a~&
2b1f�é�,],<g�ÏP9:IQµl,E,P JIP9]æW�8�G9Q W�8sJm=N8>8�]ßL,1 vªG ]|aßU�1 j�VA8>qé�ÏPb:#� d f��<�u��Ú�2"�,1 vªVA8>qá�ÏPb:�6.�bU9B�G9]$a�hVA8�q �ÏP9:ZVAO3�,8>ü�*
B,1f�ÎJIG9:;Hb8sJØJIPRÉ9eZf+a,<3[\JIG9]$ws8fP9�Ø291 v@Q�Ú�U,1 j�Q¦G9]$a�U�1 v@Q¦�ÏP9:pJ;E,8ZJ;E,:I8>878sÍ�l|8�:;<3Qh8>]�JI[p:;8"[\l�8�wsJ;<3698�OgSb1
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��<gHb�,:I8A0$1g2"v<&�6Ø],8�:;HbSR:I8�[;P9O3��JI<gPb]�P �Ä[\E$P{=.8�:I[p<g]&J;E,8?_�V@X¬P9W�JzG <3],8�a��Ï:;PbQáG ]$G9OgS�[;<3[NP9�YJ;E,8�B)¤�[IG Qhl,O3891

L$1fD`:zG ]$[;698�:I[;8ZÉ9eZf�a�<3QR8�]$[;<gPb]$[.wzE|G :zG9w�JI8>:I<gç�8�ahW�S�ws<3:zws�,OeG :F[mJzG9wzy�[ØP9�`:zG9a�<3<�v$1 U�Q
�ÏP9:�� d f��<�u�ÛG9]$a291 v�Qo�ÏP9:@ÈRÉ�ÊYË�ÌéG9]$a&G�2b1 0b��W�S&B,1 �RQ :;8"w�JIG9],H9�$O3G9:N[\JIGbwzy �ÏP9:q6.�bU9B,1
j|1f� Qh<3],<3Q��,Q·l,E,P9J;P9]�8>]$8>:IH9S�P9�.2"U9vt�ª8>q G ]|a�GRQh<3],<gQt�,Qol$E,P JIP9]+[\8�l$G :zG{JI<gPb]�P9���hwsQ�1
��<3Q��,OeG{JI<gPb]+:;8"[\�$O�Jz[7G9:;8�[;E,P{=�]+<3]ªJIE,8�l,O3P Jz[ZP9�p��<gHb�,:;8R0,13292b1fþ�8tP9W�JzG <3]ªå~�RQhGb[;[Z:;8"[\PbOg�,J;<3P9]$[ZP �2�0R�+8�q �ÏP9:�� d f��<�u�YG9]$a��h�+8>qý�ÏP9:q6.�bUbB�wsPbQhl$G :I8�a�J;PhQh8�Gb[\�,:I8�a�:;8"[\PbOg�,J;<3P9]$[NP �F2��RG ]|a^2"vR�ª8>q�1�,Pb:ZÈhÉbÊYË,Ì =N8Zl,:I8�a�<ew�J����ª8>q�1��,Pb:pJIE,8�� =.87P9W�JzG <3]�Q G9[I[Ø:I8�[;P9O3��J;<3P9]$[pP �`j�v��+8�q}�ÏPb:�� d f��<�u�ìG9]$aBb�t�+8�q �ÏP9:q6.�bU9BtwsPbQhl$G :I8�a�J;P Qh8�Gb[\�,:I8�a�:;8"[\PbOg�,J;<3P9]$[FP9�xjbvhG9]$a�BbUR�+8>qt1$�,Pb:@ÈRÉbÊ`Ë�Ì
=.8@l,:I8�a,<3wsJL9vh�+8�q�1

�A����� ��#�!�Êß*<Ë�'��b�"%��¢Öt*,�¦×uË|#{!|��'�¹�É
DFE,8�8>Í�l|8�:;<38>]$w>8 =�<�JIEæJ;E$8¢� d fZ�+�u�FÉ�e�f)G Oe[;P�G9OgO3P{=f[?�$[�J;Pªw>P9Qhl$G :I8 8�[\J;<3Q G{JI8�[�P9�N8�Og8"w�JI:;PbQhG9H9],8>J;<ewW$Gbwzy�Hb:;Pb�,]$a,[ Gb[�w�G Oews�,OeG{JI8�aÎ�$[;<g]$HXexË dZØ �ý=�<gJ;EÐQh8"G9[;�,:;8"aÎ:IG J;8"[>1T���|wzEÐGßwsPbQRl|G :I<3[;P9]Î<e[&[;E,P{=�]<3]���<3H9�,:I8&0$1g2�B�1ßDFE,8�E,<e[mJIP9H9:zG Qµ<3]äJIE,8&�$H9�,:I8�<3[tJ;E$8��ªP9]�J;8ªMNG :IOgP�8�[\J;<3Q G{J;8&�ÏP9:RJIE,8�_�V@Xð:IG J;8"[G :I<e[\<3],H+P9]$OgSÇ�Ï:IP9Q 8>O38�w�JI:;PbQ G H9]$8sJ;<ewhW$Gbwzy�Hb:;Pb�,]$aÛ1hgZP JI8�J;E|G{J��ÏPb:�<3]$a�<36�<3a��|G ONW,OgP�wzy�[�ÚxJIE,8�8>Í�l|8"w�J;8"aE$Gba�:;Pb],<ew�:zG{JI8R<e[@],8�H9O3<gHb<gW,O38hP9]�J;E,<e[?[Iw>G O3891hDFE,8�[;<gQt�,OeG{J;<3P9]�<g]|wsO3�$a�8�[?J;E,8 l,:I<3]$ws<3l$G Orw>P9Qhl|Pb],8>]�Jz[@P �J;E$8hÿ7G O3OØi l,E,P9J;P9]ÇW�8�G QñO3<3],8 [mJzG :;J;<3],H�G J@J;E,8h:zG9a�<eG{JIP9:7G9]$a�<g]$w>Og�|a�<g]$H&JIE,8+âÏ8�QRl,JmS�ã?MN_x�7�ªJIG :IH98>JG ]|a&a�P{=�]|[mJI:;8"G Q
S9Pby987G9l|8�:\JI�,:I891UgfP9J;8AJ;E$G J�<g]���<gHb�,:;8@0,132"B�G�Q G9:;yb8�a�a,8>l,:I8�[I[\<3P9]&G l,l�8�G9:I[FG{J�[;QhG9OgO:zG9a�<3�$[�Ú�:;8�O3G J;<36987J;PhJ;E$8?P9W$[;8>:I698"a�:zG{J;8"[>1rDFE,8"[\8@W,O3P�wzy�[�G :I8A<3]�J;E,8?6�<ews<3],<gJmS�P �xJ;E,8?W�8�G9QoE,PbOg8?G9]$aÛÚ,<3]G9a$a�<�JI<gPb]ªJIP�[;�=3ì8>:I<g],H��Ï:;PbQðJ;E,8RE,<3H9E,8"[mJ@:zG{J;8"[>Ú|J;E$8�[;8tW,O3P�wzy�[7G9O3[;P&[;�=3ì8>:I8�a+�Ï:IP9Qñ:zG9a,<3G J;<3P9]ªa,G9QhG9H98b1DFE,8�8><3H9E�JtW$OgP�wzy�[tw>OgP�[\8"[mJtJ;P�J;E,8�W�8�G Q¨G Í�<3[�â��$:z[\JRa,G JIG�l|Pb<g]�JzãtG :I8�JIE,8�QRP�[mJhG)3ì8�wsJ;8�aYÚØW,��J�[;P9Qh8843ì8�wsJI[fw�G ]�W|8�[;8>8�]�G Jf],8><3H9E�W�P9:I<g]$Htl�P9<3]�JI[�1
¸�*+¹x%-*���%-!|'Î��*<Êß*<Ë��
47],O3<g]$8 QRPb],<gJ;P9:I<3],H+P �NJ;E,8�É�e�fÎa��,:I<g]$H�J;E,8¢� d fZ�<�u�p8sÍ�l�8>:I<gQh8�]bJ�<3]$a�<ew>G J;8"aÇJ;E$G J�J;E,8���W$OgP�wzy�[?<3QtcQh8�a�<eG{JI8>O3S�Gba�(\G9w>8>]�J?J;P+JIE,8�W�8�G9QòE,PbOg8 =N8>:I8 W|8"wsPbQR<3],H+l,:IP9Hb:;8"[;[;<3698>O3S+:I8�a��$w>8�aÇ<3]æHbG <3]àG9[@JIE,8�:I�,]l,:IP9Hb:;8"[;[;8�aÛ1xDFE,<3[ÄPbW$[;8>:I6�G J;<3P9]t=NGb[xW|G9[;8�a��$l|Pb]tJIE,8FO3Gb[\8�:ÄQRPb],<gJ;P9:r[;S�[mJI8>Q�Ú{J;E$8�:IG�=ßl$�,O3[;8sc�E,8�<gHbEbJra�<e[mcJ;:I<3W,��J;<3P9]|[>Ú�G ]$aRJIE,87wzE|G ],],8�O$H�G <3]$[Ø=�E,<ewzE =N8>:I8fl|8�:;<3P�a�<ew>G O3O3St:I8�w�G O3<gW,:zG{JI8�aRa��,:I<g]$H?J;E,87:;�$]Y1r�}[;<gQh<3O3G9:843ì8�wsJ�=NGb[N[;8>8�]YÚ�W,��JFJ;P GtOg8"[;[;8>:�a�8�H9:I8>8bÚ9�ÏPb:FJ;E,8@],8>Í�JFOeG�S98>:NP ��W,O3P�wzy�[NP9]|ws8A:;8�QRP{6b8�ah�Ï:IP9Q
JIE,8@W|8"G Q



����������	�

��������	 È������ZÌ�� 	���	�������
����! #" ���%$ 2�B

Radphi Radphi

E852E852

GlueX GlueX

GeV/c2GeV/c2

σ = 16  MeV/c2

σ = 8 MeV/c2

σ = 9 MeV/c2

σ = 27 MeV/c2

σ = 40 MeV/c2

σ = 30 MeV/c2

MγγMγγ

π0

π0

π0

η

η

η

��<gHb�,:I8�0,13292'&R��<gQt�,OeG{J;8"aàa�<gl$E,P JIP9]æQ G9[I[@�ÏP9:�J;E,8�å~�&G ]$ap�Ç�$[\<3],H+JIE,8�~fGba�l,E,<�ÚrVAOg�,8�üoG ]|ap6.�90�U9BH98�P9Qh8sJI:;Sb1

E,PbOg8b1ÄX7�,:I<g]$HhGRl$G9�$[;87<3]�JIE,8?8sÍ�l�8>:I<gQh8�]bJ"Ú�6�<3[;�$G Oì<3]$[;l|8"w�J;<3P9]�P �xJ;E,8?W$OgP�wzy�[N<g]$a,<3w�G{J;8"a�JIE$G{JFJIE,8@H9OeG9[I[=FG9[Øa,G9:;yb8>],<3],H|Ú9G?=N8>O3O�c�y�],P{=�]t8§3�8"w�JNP �ì:IGba�<3G J;<3P9] a,G9QhG9H98�Pb] Og8"G9aRH9OeG9[I[>1���<gHb�,:;870,132�LA<gO3O3�$[mJI:IG J;8"[rJ;E$8HbG9<g]�:;8"a��$w�JI<gPb]�=�<gJ;E&W|8"G Q
J;<3Qh8Râ�:;Pb�,H9E$OgShl,:IP9l�P9:;J;<3P9]$G9O,JIPt<3]�J;8>Hb:IG J;8"a :IGba�<eG{J;<3P9]�a,Pb[;8"ãØ�ÏP9:FG�JmS�l,<ew>G9OW,O3P�wzy�Gba�(\G9w>8>]�JZJIP�JIE,8�W�8�G9QñE,P9O3891@��JA<3[@G l$l$G :I8>]�JfJIE$G{JAJ;E,8RHbG9<g]�wzE$G ],Hb8�<e[AG�H9:zG9a��|G O�Ú�w>�,Q��,OeG{JI<g6b8843ì8�wsJf:IG J;E,8�:FJ;E$G9]�Gh[;�$a,a�8�]+wzE$G ],Hb87=�E$<3wzE�Qh<gHbE�JFW�8�wzE$G9:IGbw�J;8�:;<e[\J;<ewZP9��GhW�8�G QoQR<e[\c�[\J;8�8>:I<g],Hh8�698>]�J"1DFE,8ªQ G9H9],<gJ;�$a,8^P �@JIE,8^H�G <3])OgP�[;[�âÏP9:za�8�:�jbv9�tã =NGb[�[;�$wzEÎJ;E$G J&<gJ�w>P9�,OeaÎW|8ÇwsPbQRl�8>]|[;G J;8�aÎW�SG9a)(m�$[mJIQh8>]�JI[NP �`J;E,8@np�ªDÐE,<gHbE�69PbO�JzG Hb8�[�1�DFE,<e[N=NGb[pa�Pb],8Al|8�:;<3P�a�<3w�G O3OgS a��$:;<3],HtJ;E,8A8sÍ�l�8>:I<gQh8>]�J"1ÄDFE$8OeG9[\J@a,G J;�,Qò<g]à��<gHb�,:;8 0$1g2"L�[;E,P{=f[7J;E,8h:I8�[;�,O�J@P �NP9],8hG9a)(m�$[mJIQh8>]�J�1hÿfP{=N8>6b8>:"Ú|JIE,<e[@<3[AP9]$OgS^G&l$G9:\JI<3G9O[;P9O3��J;<3P9]YÚ�[\<3]$w>8FJ;E,8fQhP�a��,O38f[;�=3�8�:I[pG@OgP�[;[rP9��l$E,P JIP�8�Og8"w�JI:;Pb]$[ra��,8�JIP@J;E,8Z:IGba�<3G J;<3P9]ha,G Q G9H989ÚbG ]$atJ;E��$[G�a�8�H9:zG9a�8"aR:;8"[\PbOg��JI<gPb]Y1xDFE��$[p<�JN=NGb[Øa�8"[\<3:IG9W,O38�J;P-Ù E,8"G OÚ� J;E$8f:IGba�<eG{J;<3P9] a,G9Q G H98fGb[ØQt�$wzE�G9[rl�Pb[I[;<gW,O3891~fGba�<3G J;<3P9]ªa,G9Q G H98�<g]�Og8"G9a�H9OeG9[I[f<e[7y�]$P{=�]+J;P&W|8tJ;8�QRl�P9:zG :IS9Ú�G ]$a+J;P�O3G9:;Hb8>O3S�E,8"G O�<�Jz[\8�O��pPb]+J;E$8J;<3Qh8A[Iw>G9Og87P �xG��Ï8>=ÐQhPb]bJIE$[�1ØDFE,8ZE,8"G O3<g]$HRw�G ]�W�8AGbw>w>8>O38>:zG{J;8"ahW�ShJ;E,8A�$[;87P9�`�,OgJ;:zG�6�<3P9O38sJAâ�kfq@ã.Og<3H9E�J�1DFE,<e[�G l,l$:;P�G9wzE�=FG9[FG9a,P9l�JI8�a��ÏP9:NJ;E,8@QhPb[\JfG)3ì8�wsJ;8�a&W,O3P�wzy�[�1rXZ�$:;<3],H G ]�8sÍ�J;8�]$a�8"a&a�P{=�],c-JI<gQh8A<g]�J;E$8:I�,]YÚÛJIE,8�np�ªDTG ]$a�W$G9[;8R�ÏP9:?[;8>O38�w�JI8�a�QhP�a,�,Og8"[@=.8�:;8R:I8>QhP{698"a^G ]|a�G�kfqéO3<gHbE�J@Hb�,<ea�8 G{J\JzG9wzE,8"a+JIPGªÙ��$G9:\JIç�8>]�698�OgPbl|8&�+8>:zws�,:IS^6{G9l|Pb:�OeG Qhlß=FG9[?<3]$[;8>:;J;8�aY1^DFE,8�Pb��J;l$��JtP9�NJIE,8�OeG Qhlß=FG9[RU�þ�8{w>Q ×<3]�JIE,8 :zG ],Hb8hLbv9v�J;P+j��9v�],Q�Ú`=�<gJ;EßG�l�8�G y�<g]�JI8>]$[;<�JmSÇG{J�L90�U&],Q�1�DFE,8�G)3ì8�wsJ;8"a�W$OgP�wzy�[@=.8�:;8h8"G9wzE<3OgO3�,Qh<g]|G{J;8"a&�ÏP9:�l�8>:I<gP�a,[�P9��0 c��RE,Pb�,:I[�1rDFE,8�[;8@W,O3P�wzy�[�[;E,P{=N8�a�GRH�G <3]&<3]$ws:I8�Gb[\8@P9��L9v9���ÏP9O3O3P{=�<g],HRJIE,<3[J;:I8�G J;Qh8>]�J"Ú�],8�G9:;O3S�:I8�wsP{6b8>:I<g]$H�J;E$8><3:�<g],<gJ;<eG O`HbG <3]$[�1��JZ[;E,P9�,Oea&W|8?],P9J;8"a�JIE$G{J�JIE,8�wzE$G9],H98@<3]&JIE,8?:I8�[;l|Pb]$[\8@P9�`J;E$8?QRP�a��$Og8"[fa��,8@JIP :IGba�<3G J;<3P9]�a,G Q G Hb8G ]|aÇJ;E,8&HbG <3]æ:I8�wsP{6b8>:IS��ÏP9O3OgP{=�<3],H^kZqáJI:;8"G{J;Qh8�]bJt=NGb[?8>6b8>]æQhP9:I8�a�:zG Q G{JI<3wh<3]æJIE,8&a,G JIG��Ï:IP9Q�J;E$8OeG9[;8>:fQhP9]$<�JIP9:I<g],H�[;S�[mJI8>Qµâ�JmS�l,<ew>G9OgO3S�G ��G9w�JIP9:fP9�ÄJm=.P�wzE$G9],H98�ã�1�DFE,8�a,<_3ì8>:I8>]$w>8�W�8sJm=N8>8>]�JIE,8t[;E,<g��J7<3]J;E$8fl,�,Oe[\8�:p:I8�[;l|Pb]$[;8fG ]$aRJIE$G{J.[;8>8�] <g]hJIE,8fH�G <3]hw>P9]$[\JIG9]�JI[Ä�Ï:IP9Q�J;E,87w>G O3<3W,:IG J;<3P9] w>G9] W|87Ùb�|G O3<�JzG{J;<3698�OgS
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��<gHb�,:I8�0$1g2�B=&�M.E|G :zG9w�JI8>:I<3[\J;<ew>[tP �A�,]�W,<eG9[;8�aæ�|��ÍäP9W|[\8�:;6b8�aæ<3]ù<3]$a�<36�<3a,�$G O�W,O3P�wzy�[t<3]ùJ;E,8+_xV@XñGb[hG�Ï�,]$wsJ;<3P9]�P �xa,<3[\JIG9]$ws87�Ï:;PbQéJ;E$87W�8�G9Q�1ØDFE$87l�P9<3]�JI[�G :I87a,8>:I<g6b8�a �Ï:IP9Qáa$G{JIGRG ]|a J;E$8AE$<3[\J;PbH9:zG Q [r�Ï:IP9QG��+Pb]�J;8@MNG9:;O3P�[;<gQt�,O3G J;<3P9] P9��JIE,8Z8�Og8"w�JI:;PbQhG9H9],8>J;<ew�W$Gbwzy�Hb:;Pb�,]$aRwsPbQR<3],H?�Ï:IP9Q¦JIE,8ZW�8�G9Q¦G9]$ahJIG9:;Hb8sJ"1�fO3OYE,<gJI[fP{698>:@2�U��+8�q G :I8@:;8"wsP9:za�8"aÛ1
�,]$a,8>:z[mJIP�P�aÇW�Sª],P9J;<3],H�J;E$G J?J;E,8�O3Gb[\8�:?<gO3Og�$QR<3]$G J;8�[?J;E,8h�Ï:IP9]�J�P �NJ;E$8 W,OgP�wzyÇG ]$a�J;E��$[�QR8"G9[;�,:I8�[AJ;E$8J;:zG ]|[\Qh<e[;[;<gPb]�P �xJ;E,8A8>]�JI<g:I87W$OgP�wzyìÚ�=�E,<3Og87J;E,8?[;E,P{=N8>:z[.[;8>8�]�<3]�JIE,8Aw�G O3<gW$:IG J;<3P9]&a$G{JIGRws:I8�G J;8?M.8>:I8>],ybP{6O3<gHbEbJÄJIE,:;Pb�,H9E$P9��J�J;E,8F6bP9O3�,Qh8.P9�$J;E$8NW$OgP�wzyìÚ G ]$aRG :I8.J;E,8�:;8>�ÏP9:I8pO38�[I[r[\8�]$[\<gJ;<3698.J;P?G J\J;8�]��$G{JI<gPb]�843ì8�wsJI[Ä<3]J;E$8?�,l$[\J;:I8�G Qo:;8�H9<3P9]�P9�xJIE,8?W,O3P�wzy�1rDFE,8?:zG9a,<3G J;<3P9]&a$G Q G Hb87<e[�],P{= y�]$P{=�]YÚ��Ï:;PbQoQh8�Gb[\�,:I8>Qh8�]bJz[>Ú�JIPW�8N=�<gJ;E$<g]�292�Û4Ü P9�$JIE,8N�Ï:;Pb]bJr[;�,:\��Gbws8NP �|J;E,8�a�8>J;8�wsJ;Pb:�Ú G9]$a�JIE,<e[Ä=NGb[xw>P9]��$:IQh8�a�W�S�6�<e[;�$G O�<3]$[\l�8�wsJ;<3P9]YÚ<3]�Ù��$G9Og<gJIG J;<36987G9H9:I8>8�QR8�]�J.=�<gJ;E&J;E,8?a�<?3�8�:;8�]$ws8AW�8sJm=N8>8>]&J;E$87OeG9[;8>:FQhP9],<gJ;Pb:Na$G{JIGRG ]|a�JIE,8Aw�G O3<gW$:IG J;<3P9]a,G JIG,1

��<gHb�,:I8�0,132�L<&ØDFE$8?843ì8�w�J7P �Ä:IGba�<3G J;<3P9]�a,G Q G9H98@P9]�J;E$8�ws8�]bJI:IG9OÛl$G :;JfP ��J;E$8�a�8sJI8�wsJ;P9:"1.DFE$8?O3Gb[mJfl�P9<3]�J[;E,P{=f[.J;E,8?H�G <3]�G ��J;8>:7G ]�G9a�(m�$[\J;Qh8�]bJfP9�`JIE,8t�<�q�^E,<3H9E�69PbO�JzG H98b1

(+��*��:Ý��x#{%�'�Ëà!«ÞF��*<Êß*<Ë��9¹ßÖR��!`�G×uÉ �7[Fl$G :;JFP �`JIE,8?l,:IP9Hb:IG9QTJIPhGb[;[;8�[I[pJ;E,8?HbO3Gb[;[.�$[;8�a&<g]i6p��U9BG ]|ak� d f��<�u�Y�ÏP9:��$[;8?<3]�ÈhÉbÊYË,ÌéGR[;l�8�w�JI:;Pbl,E,P9J;P9Qh8>J;8>:?â���E,<3QhGba�ç>�+kZqfcz2�09v�ã.=NGb[FQRP�a�<g�$8"a�JIP G O3OgP{=GtOg8"G9a�HbO3Gb[;[.W$G9:.JIPtW�8?G ��JIP9Q G{JI<3w�G O3OgShQhP{698"a�G O3P9]$H�<gJI[FO3P9],HhG{Í�<e[ØJIPtQh8�Gb[\�$:;87J;:zG ]$[;Qh<3[I[;<gPb] J;E,:IP9�$H9E
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J;E$8�j�w>Q JIE,<ewzy�]$8�[I[>1fiFG9[;8�a�Pb]�J;E,8�J;:zG ]$[;Qh<3[I[\<3P9]ªa,8>l�8>]$a�8�]$ws8�P9]ª=FG�698�Og8�],H JIEYÚ�J;E$8�J;:zG ]|[\Qh<e[;[;<gPb]�P �J;E$8�W$G9:�G9[tG��Ï�,]$wsJ;<3P9]ßP9�FO38>]$H J;Eæ=FG9[�QR8"G9[;�,:I8�aæG{Jtj$2�v�]$Q�1ª��<3H9�,:I8�0$1g2�jª[\E,P{=f[?J;E,8�a�8>l�8>]$a,8>]$w>8P �ÄJI:IG9]$[\Qh<e[;[;<3P9]+G9[fGR�Ï�$]$w�JI<gPb]ªP �rO38>],H9J;EªG O3P9]$HtJIE,8�W$OgP�wzy��ÏPb:7GhW,O3P�wzy�JIE$G{J76�<e[;<gW,O3S&[;E,P{=f[�:zG9a,<3G J;<3P9]a,G9QhG9H98b1x�f]�G9O�JI8>:I]$G{JI<g6b8pJIP�kfq}w>�,:I<g],H|Ú E,8"G{J;<3],H?W,O3P�wzy�[Ä<g] G ]hP{6b8>]�E|G9[ØG9O3[;P@W|8�8>] [mJI�$a�<38�aÛ1rDFE,8�l$OgP9JG Oe[;P&[;E,P{=f[fJIE,8tJ;:zG ]$[;Qh<3[I[\<3P9]ªw>�,:I698��ÏPb:AJ;E,8h[;G9Qh8�W,O3P�wzyªG{��J;8�:7E$8�G{JI<g]$H�JIE,8tW$OgP�wzy��ÏP9:?[;8>698�:IG9O`E,Pb�,:z[<3]�G9]&P{6b8>]�G{JZB 0bv#c�M71

100

80

60

40

20

0

403020100

 before

 afte r
 calibration bar

%
 t

ra
n

sm
is

si
o

n

position along bar (cm)

% transmission at 410 nm

before and after heat treatment

of a radiation-damaged

lead glass bar

��<3H9�,:I8?0,132>j+&rDFE,8@8§3�8"w�JfP �ÄE,8"G{JZws�$:;<3],H$1

à É¦É"��É¦É"%�'�Ë/á.��*+¹}����*<É¦É�Öt�-!Y�¦×uÉ *,'�¹Xâ Ì �-ã?Éáp��*<¹äË���*<É¦É/å��-!Y�¦× �læ,*$����*���%-!|' ��P9Qh8�P9��J;E,8�Og8"G9aæHbO3Gb[;[�W,OgP�wzy�[t�$[\8"aæ<3]æJ;E,8i6p��U9B�8>Í�l�8>:I<3QR8�]�J=N8>:I8?�$[\8"a�<g]�JIE,8�� d f��<�u�`8sÍ�l|8�:;<3Qh8>]�J�1F�fO3O`P9�ÄJ;E,8?W,O3P�wzy�[fG :I8?W|8�<g]$H 8sÍ,G Qh<3],8�a��ÏPb:fQh8�wzE$G9],<3w�G OYG9]$a:zG9a�<eG{JI<gPb]&a,G9QhG9H987ó J;E,8?OeG{J;J;8�:�W,:;<3],H G9[I[;8�[I[\8"a��$[;<g]$HhJ;E,8�[;l|8"w�JI:;Pbl,E,P JIP9Qh8sJI8>:�a�8"[;w>:;<3W|8"a&G9W|P{6b891DFE,8�J;:zG ]$[;Qh<3[I[\<3P9]ßG JhG^=NG�6b8>O38>],H9J;EæP9�fj$2�vª],Q¨G9[RG+�Ï�,]|w�J;<3P9]ùP �ZO38>]$H J;E�G O3P9],HªJ;E,8�W,O3P�wzyà=�<3OgOW�8�Qh8�G9[;�,:I8�aÇG ]$aÇ:I8�w>P9:za�8�a^�ÏP9:?8"G9wzEàW,O3P�wzyì1�DFE$8 :;8"G9[;P9]��ÏP9:?Qh8�Gb[\�,:I<3],H�J;E,8 JI:IG9]$[;QR<e[I[\<3P9]àG{J?JIE,<3[=FG�698>O38>]$H J;Eªw�G ]�W|8R�,]$a�8�:I[\J;P�P�a+�Ï:IP9Q·JIE,8 a,G{JzG�l,:I8�[;8>]�J;8"aª<3]����dH9�$:;8R0,132"U =�E$8>:I8�J;E$8�JI:IG9]$[\Qh<e[;[;<3P9]G9[FGt�Ï�,]$wsJ;<3P9]�P ��=NG�6b8>O38>],H9J;E�<e[FQh8�Gb[\�,:I8�a��ÏP9:�GRW,O3P�wzy J;E$G Jf[\�=3ì8>:I8�a&:zG9a�<eG{JI<gPb]&a,G9QhG9H98@G ]$a�GRW,O3P�wzy=�<gJ;E+],P�a,G9Q G H98b1ØDFE,8?Qh8�Gb[\�,:I8>Qh8�]bJf=FG9[FQ Gba�8�G l,l$:;P�Í�<3QhG J;8�OgS�B,1 URwsQ �Ï:IP9QáJIE,8?�,l$[\J;:I8�G9Qo8�]$a�P �W,O3P�wzy�=�E,8�:;8�ç¦è�éµêLë|ìAí;Ü�:I8s�Ï8�:I[@JIP+J;E$8�P9:I<g8�]�JIG{JI<gPb]àP �FJ;E,8&a,G Q G Hb8�aÇW,O3P�wzy�<3]àJ;E,8&W|8"G Q�1+�NJtG W�P9�,Jj$2"v�]$QáJ;E$8?�,]$a,G9QhG9H98"a�HbO3Gb[;[N:I8�G9wzE$8�[FGtJ;:zG ]$[;Qh<3[I[\<3P9]�l,OeG{JI8�G �`1
â Ì �ä��æ,*,����*���%-!|' DFE$8��<�q��� [pG�6{G <3OeG W,O38N�ÏP9:�ÈRÉ�ÊYË�Ì =.8�:;8��$[;8�ah<3]-6p��U9BA[mJzG :;J;<3],H?<3]+2��9�9j$1�DFE,8>:I8<e[.[;P9Qh87w>P9]$w>8>:I]�G W�P9��J.J;E,8@G Hb<g]$H�P �ÛJIE,8��+�q��� [F[;P�G�l$:;PbH9:zG QTP9�YJ;8"[mJI<g]$H�J;E$8AL�B v9vD�+�q��� [@â�<g]$w>Og�|a�<g]$H[;l$G :I8�[zãAE$G9[�G O3:;8"G9a�S^[\JIG9:\JI8�aÛ1��á[;<gQh<3O3G9:�l,:IP�ws8�[I[@=FG9[?�$[;8�aàl$:;<3P9:@JIP^wsPb]$[mJI:;�|w�J;<3],H�JIE,8�6p��U9B�_xV@X�ÏP9:R:zG{J;<3],H��<�q��� [RG9]$aæ<e[ta,8�[Iws:I<gW�8�aæ<3]ä:I8s�Ï8�:;8�]$ws8/� B)��1à�,Pb:�JIE,8&w>�,:;:I8>]�JtJ;8�[\JRG^Og<3H9E�J;c-JI<gHbEbJRW|P�Íæ=�<3OgOG9w�wsPbQRQhP�a,G J;8+B9U·�+�q��� [ G J�GªJI<gQh891ÎDFE,8&J;�,W�8�[�=�<gO3O�6�<g8�=oG�a,<_3ì�$[;<g],Hàl,OeG{JI8�J;E$G Jh<e[h<3OgO3�,Qh<g]|G{J;8"aW�SßJm=NPæW,O3�,8�[�ÉbË<fz� [�J;E$G9]Î=�<gO3OZW�8ªl,�,Oe[;8�aÛ1¬kf]|a�8>:�wsP9Qhl,�,J;8>:&wsP9]�JI:;PbOFJ;E,8ªH�G <3])G9[�GÇ�Ï�$]$w�JI<gPb])P �E,<3H9E�c�69PbO�JzG Hb8N=�<3O3O|W�8f:I8�wsPb:Ia,8�ahG ]$ah:zG ]|a�P9Q�],P9<e[\87G ]$a w>P9:I:;8�O3G J;8�aR],Pb<3[;8�:zG{J;8Z=�<gO3O|W�8fQh8�Gb[\�$:;8"aÛ1�DFE$8wsPb:;:I8>OeG{JI8�a�],P9<e[\8�:zG{JI8F=�<gO3O,W�8�QR8"G9[;�,:I8�at=�<�JIE,<g]�G7�,Í�8"atH�G{JI8fa�8>OeG�S98"a�W�S�GA�Ï8�=ùE��,]$a,:;8"at]|G ],P�[\8"wsP9]|a,[G{��JI8>:ÄJIE,8ZÉbË+fU� [rG :I8.l,�$O3[;8�aÛ1ÄnØ:I8>O3<3QR<3]$G9:;S?Qh8�Gb[\�$:;8�QR8�]�JI[�=�<�JIE G7:zG ]|a�P9Q [;8>O38�wsJ;<3P9]RP �z�<�q��� [r<g]|a�<3w�G{JI8J;E|G{J�J;E$8t�<�q��� [�l|8�:\�ÏPb:;Q G9]$ws8AE$G9[F]$P JZa�8�H9:zG9a�8"aÛ1
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��<gHb�,:I8�0$1g2�U=&&Dx:zG ]$[;Qh<3[I[\<3P9]ùG9[hGª�Ï�$]$w�JI<gPb]ùP9�7=FG�698>O38>]$H J;Eß�ÏP9:h:IGba�<eG{J;<3P9],c�a,G9Q G H98"aàOg8"G9aäH9OeG9[I[tG9]$a�,]$a$G Q G Hb8�a&H9OeG9[I[>1Ä�NJZG W�P9��Jfj|2�vt],QáJIE,8?�,]$a$G Q G Hb8�a&H9OeG9[I[.:I8�GbwzE,8�[FGtJ;:zG ]|[\Qh<e[;[;<gPb]�l,OeG{JI8�G9�Y1

î �"�x��#�ï§ÉGÉ"�x�9É�A����� ��#�!�Êß*<Ë�'��b�"%���¸�*��"��É?%-'à�����:áN��� DFE,8�� d f��<�u�|8sÍ�l�8>:I<g8�]$ws8�E$Gb[Ä�ÏP9:zws8"aR�$[rJIP�a�8�G9O$=�<gJ;EhJ;E$8<e[;[;�,8pP9�$E,<3H9E�:zG{JI8�[x<g]�J;E,8Fws8�]bJI:IG9Obl|G :;JxP ��JIE,8Fa�8sJI8�w�JIP9:ÄG ]$atG Oe[\PZE,P{=àJ;P7�$[\8qexË dZØ �RJIPZ8�[\J;<3Q G{JI8ØJ;E$Pb[;8:zG{J;8"[>1�DFE,Pb[;8f[\J;�$a�<38�[pG :I8Fw>�,:I:;8�]bJIOgS��,]$a�8�:;=FG�S?�ÏP9:ØJ;E,8@ÈRÉ�ÊYË�Ì¬G9:;:zG ]$H98>Qh8�]bJ"1`þÇ8fG :I8�G Oe[\P@8sÍ�l,O3P9:I<3],HJ;E$87Pbl�J;<3P9]�P9�Y�$[;<g],HRG ],P9J;E,8�:pQh8�a,<g�,Qé<3]�JIE,87w>8>]�J;:zG O�:I8>H9<3P9]hP9�YJ;E,8@É�e�frÚ�[;�$wzE�G�:IGba�<3G J;<3P9] E$G9:IahO38�GbaH9OeG9[I[�Ú|O38�Gba�J;�,],H�[mJzG{JI8�P9:@G ]$P J;E$8>:ZQ G J;8>:I<eG O�1ZDFE,<e[7=�<3O3OxP9�pwsP9�$:I[;8�<3QRl|G9w�JAP9]^[;E,P{=N8>:f:I8�w>P9]$[\J;:I�$wsJ;<3P9]óª8�[;l|8"ws<eG O3OgS��ÏPb:@J;E,P�[\8 [;E,P{=N8>:z[fJIE$G{J�ws:IPb[I[7J;E,8hW�P9�,]|a,G :IS+W|8>Jm=.8�8>]ÇQh8�a�<eG,1 �f]$P J;E$8>:@P9l�JI<gPb]��$]$a�8>:<3]�6b8�[\J;<3HbG J;<3P9]R<3[ØJ;P�l,OeG9w>8fGAJ;E,<3]�[;E,8>8>JpP �ÛO38�Gbat<3]h�Ï:IP9]�JpP ��J;E$8AÉ9eZf�W,O3P�wzy�[r<g]�a$G ],Hb8>:ØP9�Ûa$G Q G Hb891xDFE$8<3QRl|G9w�J�JIE,<e[�E$G9[FPb]&:I8�[;P9O3��JI<gPb]&<e[�G Oe[\PhW�8><3],H [mJI�$a�<38�aÛ1
Ì *<Ë�'��b�"%��iðY��%����^¹�%�'�Ë �d]¢6.�bU9B�Gtw>8>O3Og�,OeG :N=FG O3O�=FG9[.�$[;8�a�J;P�:I8>Hb<3[\J;8�:pJIE,8¯�<�q��� [NJ;PtJ;E,8AH9OeG9[I[p=FG O3O�1DFE$G JAws8�OgO3�,OeG :7=NG9OgO�wsP9]|[\<e[mJI8�a�P9�rJm=.P�G9Og�$QR<3]��,Qðl,OeG{J;8"[Z=�<gJ;E^E,P9O38�[Z<g]�J;P&=�E,<ewzE^wsS�O3<g]$a,:;<ew>G9Ox[;P ��J7<3:IP9]J;�$W|8"[7=N8>:I8t[IÙ��,8>8�ç>8"aßâ�JIE,8�JI�,W�8�[A=.8�:;8R[;G9]$a�=�<ewzE,8�a�W�8sJm=N8>8�]ªJIE,8tl$O3G J;8�[zã�1¯6pl|P�Í�S�=NGb[f<3])(m8�wsJ;8�a^J;E$8[;l$G9w>8�W|8>Jm=.8�8>]+JIE,8tJ;�,W�8�[AG ]$aªW|8>Jm=.8�8>]+JIE,8�l,OeG{JI8�[ZJ;E,:IP9�$H9Eª[;QhG9OgO�E,PbOg8"[f<3]ªJ;E$8�l,OeG{JI8�[�17�Za$a�<�JI<gPb]$G O�ìc�QR8>JIG9O,[\E,<38>Oea,[r[;�,:I:;Pb�,]$a�8"a�<3]$a�<36�<ea��$G9O«�<����� [ÄW�8s�ÏP9:I8F<g]|[\8�:\JI<gPb]t<3]�J;PAJ;E,8f[;P ��Jr<3:;Pb]�JI�,W�8�[�1�DFE,8��+�q��� [=N8>:I8Rl�Pb[;<gJ;<3P9],8"a�G9HbG <3]$[\J7JIE,8 H9OeG9[I[AW,O3P�wzy�[@=�<gJ;EæG ]àG <3:?HbG9l�<3]àW|8>Jm=.8�8>]Y1 DFE,<e[?8�]bJI<g:I8 ws8�OgO3�,OeG :?=FG O3O[\J;:I�$w�JI�,:;8R=FG9[@[\�$:;:IP9�,]|a�8�a^W�SªG�J;E$<3wzyª<3:IP9]ª�Ï:zG Qh8tJ;P�l,:IP{6�<3a�8��Ï�,:;J;E,8�:�[\E,<38>Oea�<3],H$1RDFE,8 [mJI:;�|w�J;�$:;8R<3[a�8"[;w>:;<3W|8"a <3]�:;8>�Ï8>:I8>]$w>8t� L)��1Ä�ý[;<gQh<3O3G9:p=FG O3O$=FG9[.�$[\8"ah�ÏP9:�� d fZ�+�u��1Ä�d]¢6p��U9B7JIE,8��<����� [N=N8>:I8Z[\E$<g8�O3a�8"a�Ï:IP9QéJIE,8@�Ï:;<3],Hb87�|8>Oea&P9�xJIE,8�i�gZ_à�ªnN�&a,<gl�P9O38?Q G H9]$8sJ�1��<3Q��,OeG{JI<gPb]$[tP �fJIE,8��Ï:I<3],H98&�$8>OeaßP9�fJ;E$8^ÈRÉ�ÊYË�Ì [;P9O38>],Pb<3aßG9:;8�ws�,:I:I8>]�J;O3Sà�,]$a�8�:;=FG�SÇ�ÏP9:R6�G9:;<3P9�|[G9[I[;�,Qhl�J;<3P9]$[?G9W|Pb��J?J;E$8�[mJI:;�$wsJ;�,:I8 G ]$a�Q G{JI8>:I<3G9Or<g]ÇJ;E$8 6�<ews<3],<gJmS^P9�.JIE,8�É�e�fr1��ªP9:I8ha,8sJIG9<gOe[?G W�P9�,JQ G Hb],8sJI<3w+[;E,<38>Oea�<g]$HàG9:;8+G9O3[;Pæa�<3[Iws�|[;[;8�a�<3]ùJIE,8ª[;8�w�JI<gPb]ÎP9]�J;E,8h�uñ�òÇóßJIE,8��ÏP9:I=NG9:IaäJ;<3Qh8sc�P ��c��$<3H9E�J[;S�[\J;8�Q�1�,Pb:fJIE,8RÉ9eZfæ=.8�l$O3G9]+J;P�E|G�698?JIE,8#�<���Çl,E,P JIP�w>G{JIE,P�a�8�:I8�w>8�[I[\8"a&<3]$[;<3a,8�J;E$8�<3:;Pb]ª[\E,<38>Oea�<3],H JI�,W|8W�S^G W�P9�,J?J;E,8�a�<eG Qh8>J;8>:?P9�.JIE,8 l,E,P9J;P�w>G J;E,P�a�8 G9]$aÇ=.8hl,OeG ]�J;Pª[\J;�$a,SªJ;E$8 �$[\8hP9�F[;E,P9:;J�wsS�O3<g]$a,:;<ew>G9OH9OeG9[I[F[\8�H9Qh8>]�Jz[NJ;P wsPb�,l,O38@J;E,8?O38�Gba�HbO3Gb[;[.J;PhJIE,8t�<���ª=�<gJ;E�l,:IP9l�8>:�<3]$a�8sÍ&P �Ä:;8>�Ï:IGbw�J;<3P9]&Q G{JIwzE$<g],H|1
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�ÏP9:f�+P�a��$Og8>c�v$1iFG ]$G9]$G9[N:zG :I8>O3ShP�w�ws�,:I:I8�a �ÏPb:FJ;E,8@O38�Gba��$[;8�a&<3]��ªP�a,�,Og8>cI2l&ÄP9��J�P �rB{j�vt[;E,8>8>JI[.J;E$8>:I8A=N8>:I8@P9],O3ShJ;E$:;8�8<3:;:I8>6b8>:z[\<3W,O38ZW$G9]$G ]$Gb[>1DFE,8A=�<3a,8AO38�Gba&[;E,8�8sJI[F=N8>:I8Zl$O3Gbws8�a&�,]$a,8>:fGR[\l�8�w><3G9OYws��J;J;8>:FJIE$G{Jfw>P9]$[;<3[\JI[NP9�`Jm=NPtl$G9:IG9OgO38>O�W,OeG9a�8"[>Ú[;8>l$G9:IG J;8�a�W�Sæ2�B�1 �9L�Û§Ü�Ú�G J\JIGbwzE,8�a+J;P�G�:IP9O3Og8�:ZP9]^J;:zG9wzy�[�17DFE,<e[@ws��J;J;8>:@Hb:;8"G{J;O3S�:;8"a��$ws8"a+JIE,8Rw>��J\JI<g]$HJ;<3Qh8�P{6b8>:FJ;E$8�Q G9[;y�G9]$a�W|P�Í�ws��J;J;8�:I[Z�$[\8"a�<g]�JIE,8�l$:;8�6�<3P9�|[�QhP�a,�,Og8"[>1�� �Ï8�=¬<gQhl,:IP{698�Qh8>]�JI[F<3]+J;E$8a�8"[\<3H9]àâÏ8"G9[;<g8�:N8>Í,wzE$G ],Hb8ZP9�xW,OeG9a�8"[>Ú,[;QhP�P J;E$8>:F<g]|[\8�:\JI<gPb]�8�8>Í�JI:IGbw�JI<gPb]�P ��Og8"G9a�[;E,8�8sJI[zãFG :I8Al,O3G9],],8"a��ÏPb:J;E$8Zl,:IP�a��$w�JI<gPb]hl,E$G9[;89Ú�G9[Ø=.8�OgO�G9[pG�Q��,OgJ;<�óbJI:IGbwzy�8>]$E$G ]$w>8>Qh8>]�JØJIP�G O3O3P{=�w>��J\JI<g],H�P �Yj cmU@[;E,8>8>JI[pG JØJ;E$8[IG Qh8RJ;<3QR8b1�DFE,8hO38�G9aÇ=FG9[7J;E$8>]æ[\=FG Hb8�a^=�<�JIEß�,:zG ]$w>8�[Iw>G�J;P�E$G�698 �b0�O38>],H9J;E�=�<e[\8hH9:IP�P{698"[ZPb]ÇW�P JIE[;<3a�8"[�G ]$a&JI:;<3QhQR8"a&J;Phjbv9j�Û4Ü�1DFE,8NJ;<3Qh8�:;8"Ù��,<g:I8�a�J;P?ws�,JpG ]$aR[\=FG Hb8NG@[;E,8>8>JØP ��Og8"G9aÛÚ =�E$8>:I8NPb],8�[\E$8>8sJØw>P9]�JIG9<g]$[Äj9cdUZ:IP9O3O3[�P ��Og8"G9aÛÚwzE$G9],H98"ah=�<�JIE�8sÍ�l�8>:I<g8�]$ws8b1p47]$ws8AG�:IE�S�JIE,Q
=NGb[Ø8�[\JIG9W,O3<3[;E,8�aYÚ�Pb]�G�HbP�P�a�a,G�St=�<gJ;E��ÏP9�,:N=NP9:Iy98>:z[�Ú J;E$8J;<3Qh87E|G9a :I8�a��|ws8�a J;PtG9l,l,:IP�Í�<gQ G{JI8>O3SR��Qh<g]�8{:;PbOgO|=�<�JIE&Gta,G <3OgSRJIP JIG9O|P9�`G W�P9��J�L9v�:;PbOgOe[>1Ä����JI8>:�[;8>698�:IG9OJ;:I<eG Oe[@P �FQR8>J;E,P�a,[�J;P+OeG�S+J;E$8h�$W|8�:I[�<g]àJIE,8 Og8"G9aÇH9:IP�P{698"[>ÚYG�a�8>JIG <3O38�aÇQh8sJ;E$P�aà=FG9[?a,8>698�OgPbl|8"aü� B��G��1DFE,<e[�O38�G9a�J;PRJIE,8�[\�|w>ws8"[;[\�Ï�,O`w>P9]$[\J;:I�$wsJ;<3P9]�P9�Ä�ªP�a,�,Og8>cI2b1
Ì !u¹������/Ýt!�'�É��>#{��� ��%-!|' X7�,:I<g]$H J;E,8t[\�,QhQh8>:7P �ØB vbv jRJ;E,8Rkf],<3698�:I[;<gJmS�P �Ø~�8�H9<3]$G [\8�]�J7GRJ;8"G Q·P ��,]$a,8>:IH9:zG9a��$G J;8"[FJ;P�6.a�QhP9]�J;Pb]�J;P&W,�,<3O3aªG�j9Qñw>G9OgPb:;<3Qh8sJ;8�:fQhP�a��,O3891AM.PbQRl�Pb[;8�a�P9�.B�2"v G OgJ;8>:I]$G J;<3],HOeG�S98>:z[.P �ÄOg8"G9a�G ]$a�[;w><g]�JI<gO3O3G J;<3],HR�$W�8>:�JIE,8?QhP�a,�,Og8@Qh8�Gb[\�$:;8"a�j|1 v9jqÜé<g]�O38>],H9J;EYÚ`2"BqÛ§Üé<g]�=�<ea�J;E+G9]$aB{j�Û4Ü¦E,<3H9EY1Ø47698�:p�9v?y�Q¦P �ì�$W�8>:z[pG9]$a+2"BAy�H�P9�Û8>l�P�Í�St=NGb[Ø�$[;8�ah<3] JIE,8��ÏP9�$:p=N8>8>y�[pP �YwsPb]$[mJI:;�|w�J;<3P9]`1DFE,8 l,:IP�ws8"[;[@<gJI[;8>Og��=NGb[?G�Og8"G :I],<g]$H�8>Í�l|8�:;<38>]$w>89Ú�G9[@Q��|wzEÇP9�.JIE,8 ��Gbws<3Og<gJmS^=FG9[?w>�$[mJIP9Q�W,�,<3O�J��ÏPb:?J;E$8P�w>w�G9[;<gPb]Y1DFE,8��$:z[mJª[\JIG Hb8�P9�Rw>P9]$[\J;:I�$w�JI<gPb]}<3]$wsO3�$a�8"aÐJIE,8àQ G9wzE,<3],<3],H$Ú@G9[I[\8�Q�W,O3SÐG ]|aÐ<3]$[mJzG O3O3G J;<3P9]ýP �tG9]8>O38�wsJ;:IP c�l,],8��,Q G{J;<ewNl,:I8�[I[>Ú �|[\8"a�JIP?l,:I8�[I[�J;E,8fQ G J;:I<�ÍtGb[Ä<�J.<3[rW�8><3],H�[\JIGbwzy98�at=�<gJ;E G OgJ;8�:;]$G J;<3],H@O3G�Sb8>:z[�P �O38�G9a�[;E,8>8>JI[fG9]$a��|W|8�:I[�1r��JZwsPb]$[\<e[\J;8�a&P �Ä[mJI8>8�OYW|8"aÛÚ�Jm=NPRJ;<3O�JI<g],H l$<3[\J;Pb]$[NJ;E$G Jf:IG9<3[;8�a�8�O3P{=.8�:;8"a GtHb:;Pb�,lP �ØB vtl,<e[mJIP9]$[�J;PRJ;E,8@JIP9l+[;�,:\��Gbws8AP ��J;E,8?Q G J;:I<�ÍÛÚ,G ]|a�JIE,8�G9[I[\P�w><3G J;8�a&8>O38�wsJ;:IP9],<ew>[FG9]$a�l,],8>�$QhG J;<ew>[�1DFE,8�[\8"wsPb]$aß[\JIG Hb8&P9�7wsPb]$[\J;:I�$w�JI<gPb]äwsPb]$[\<e[\J;8�aäP �ZW$�,<gOea�<3],HÇJ;E,8�wsO38�G9]ä:IP�P9Qµ=�E,8>:I8&J;E,8�QhP�a��,O38=NP9�,Oea�W�8�wsPb]$[\J;:I�$w�JI8�aÛ1rDFE,<e[�=FG9[FG��7ÜáÍ�U�ÜéÍ�L�Üo:;P�P9QéO3<3],8�a�=�<gJ;E+DpS�6b8>y�[;E,8�G J;E,<3],H G ]|a�W,OeG9wzyl�P9O3S98sJIE�S�O38>]$8�[\E$8>8sJz[7G9OgPb],H�<gJI[7=NG9OgOe[�Ú|G ]|aªwsO38�G9:Zl�P9O3S�G9]$a+kfq��$OgJ;8�:I[7G9[7<�Jz[7w>8><3Og<3],H$17DFE,8�:IP�P9Q·=NGb[698�]�J;<3O3G J;8�ah=�<gJ;E�G?6{G :I<3G9W,O38Z[\l�8>8"ah��G ]&G ]$a =FG9[p8�Ù��,<3l,l�8�a =�<gJ;E�G9]�G <3:p8>Í�E$G �$[\J�1Ä�f]�G <3:;O3P�wzy�l,:IP{6�<3a,8�aG9w�ws8"[;[AJIP�J;E,8 :IP�P9Q�1�DFE,8hJIE,<g:zaæ[\JIG Hb8hP ��wsP9]|[mJI:;�$wsJ;<3P9]Ç=NGb[AJ;E,8�W,�,<3O3a�<3],H+P9�.JIE,8�j�Ü�QhP�a��,O3891���$6b8 QR8�Q�W�8>:�w>:;8�=�W$�,<gOgJ�JIE,<3[�QhP�a,�,Og8�=.Pb:;y�<3],H�Jm=NP�J;E$:;8�8sc�E,P9�,:�[;E,<g��JI[�8�G9wzEæa,G�Sb1�DFE,<e[�:I8�[;�,OgJ;8�aÇ<3]QhP�a��,O38�H9:IP{=FJ;E+P9�rJm=.P�ws8�]bJI<gQh8>J;8>:z[78�G9wzEªa$G�S917DFE$8��ÏP9�$:\JIE^G ]$a+�$]$G OÄ[\JIG Hb8�P9�rJ;E,8tl,:;P�a��|w�J;<3P9]^=NGb[J;E$8@w>P9]$[\J;:I�$wsJ;<3P9]�P9��GtP9],8>c�Qh8>J;8>:�iFG W�S�cz2fQhP�a,�,Og8AJIE$G{J�=FG9[NP9],O3S�URwsQ
JIE,<3wzyì1ØDFE,<e[FQhP�a��,O38A<e[.J;PhW�8�$[;8�a&�ÏP9:FJI8�[\J;<3],Hh6{G :I<gPb�$[F:;8"G9a�Pb��J�[\S�[\J;8>Q [�1�+P�[mJ JzG9[;y�[�<g]ÎJIE,8^wsPb]$[\J;:I�$w�JI<gPb]�l$:;P�ws8"[;[ G9:;8ª[;<3QRl$Og8ªPb],8�[ J;E$G J&G :I8�:;8�l|8"G{J;8"aÎ8�GbwzEùOeG�S98�:�1ý�wsPbQhl,:;8�E,8>]|[\<3698�:I8>l�P9:;JAâ�E,P{=NóbJIP?QhG9]��$G O�ãØG9]$ahJ;:zG <3],<3],H�6�<ea�8>P�=N8>:I8fl,:I8>l|G :I8FJ;Pt[;<3QRl$Og<g�ÏShJ;E,8ZJ;:zG <3],<3],HP �Äl�8>:z[\Pb],],8>OYa,�,:;<3],HRJ;E$8?l,:;P�a��|w�J;<3P9]�l,E$Gb[\8?G9]$a�JIP�a�P�ws�,Qh8�]bJ�JIE,8?Qh8sJIE,P�a,[�8>Qhl,O3P{S98"a·� B ����1DFE,8�Pbl�J;<3Q��,Q¦[\<3ç>8�P9�ìJ;E,8fw>P9]$[\J;:I�$w�JI<gPb]RJ;8�G9Q JI�,:;]$8�ahP9�,JrJ;P?W�8��$698�l�8>Pbl,O3891Ä�Zw>w>�,:zG{J;8fa,P�w>�,Qh8>]�cJIG J;<3P9]hP �ìG O3O$[\JIG Hb8�[�P ��J;E$8fwsP9]|[mJI:;�$wsJ;<3P9]RP{698�:ÄG7�$6b8�=.8�8>y�l�8>:I<3P�ah[;E,P{=ßJIE$G{J~(m�|[mJØP{6b8>:rL9vbvZQ G ]hE,Pb�,:z[G :I8Z]$8>8�a,8�a��ÏP9:F8�GbwzE�QhP�a,�,Og8bÚ�P9:FG�JIP JzG OìP �ÄG O3QRP�[mJA2"U�J;E,Pb�$[IG ]$a�QhG9]�E,Pb�,:z[Ø�ÏPb:.JIE,8?wsPb]$[mJI:;�|w�J;<3P9]�P �jb�tQhP�a��,O38�[�1ÄDFE$8@w>P9]$[\J;:I�$wsJ;<3P9]�P9��GR[\8"wsP9]|a�l,:I8�[I[.G9]$a&P9l�8>:zG{J;<3P9]|[p=�<gJ;E&Jm=.Phws:I8>=f[.=NP9�,Oea�G9OgO3P{=)J;E$8HJILKNMPO�Q2R�S-T�Q2U�VWRNOYX�Z5[W[]\�^;_Y_a`b`c`ed fGg9hjiJg�k-hmlan;oNd i�prq�_
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DxP&G9a$a�:;8"[;[ZJ;E$8��$:z[\JZJ;E$:;8�8tl�P9<3]�JI[�ÚYa�<_3ì8>:I8>]�JAJmS�l|8"[7P9�r�$W�8>:z[Z�Ï:IP9Q·Jm=NP�a,<_3ì8>:I8>]�J7Q G9]��,��G9w�JI�,:I8>:z[=N8>:I8?l,:;P�w>�,:;8"a�G ]$a�JI8�[\J;8�a��|:I[\JZ=�<gJ;EªwsP�[\Qh<ew>[fG9]$a�J;E$8>]ªG l,<3P9]+W�8�G9Q·G JZD�~��mkZ�^�.Ú�qØG ]|wsP9�$698>:"Ú,<3]wsPb],],8"w�J;<3P9]�JIP�JIE,8><3:7O3<3H9E�JAG J\J;8�]��$G{JI<gPb]ªG ]$a�JI<gQh<3],H�:I8�[;P9O3��JI<gPb]Y1Z��l�8�ws<g�|w�G O3OgSbÚ|JIE,8�JI8�[\J;8"a��$W�8>:z[Z=N8>:I85@�,:zG :zG�S��$MF���xc��$2?[\<3],H9O38�ó�wsOeG9a,× Ú$nÄP9O�1 ÿZ<-1 Dx8�wzEY1 v9v9jb0�[;<3],H9O38�ó�G ]|a&Qt�,OgJ;<�ó�wsOeG9a+, 1p�ZOgOÛ�|W|8�:I[�=N8>:I8h2zÜ#Ü<3]�a�<eG Qh8sJI8>:xG9]$a?=N8>:I8rl,:IP�w>�,:I8�a@<3]?J;E,8N[\�$QRQh8�:`P �|B9v9vbv,1Û�d]�Gba,a�<gJ;<3P9]YÚ{GZ[;8�w>P9]$a@W$�,]$a�O38pP9��[;<3],H9O38�ó�wsOeG9a5@�,:zG :zG�S �$W�8>:z[f=FG9[Zl,:;P�w>�,:;8"a�<g]ÇB v9v$291�iN8�G9QoJI8�[\JI[7P �ÄJ;E,8"[\8��$W�8>:z[7G9:;8?:I8>l�P9:;J;8"a�<g]ª:I8s�Ï8�:;8�]$ws8¢� B9����Ú=�E,8�:;8"G9[ÄJI8�[\JI[ØP9�Û],8>=N8>:Zâ�B vbvbB7W$G{JzwzE|ãU5@�,:zG :zG�S�Qt�,O�JI< ó�wsOeG9ahG ]|a nÄP9O�1 ÿZ<-1 D`8"wzEY1 Qt�,O�JI< ó�wsOeG9at�$W�8>:z[ØE$G�6b8W�8>8>]�w>P9]$a,�$w�JI8�aR�$[;<g],HtG?[\l�8�wsJ;:IP9l,E,P9J;PbQR8>J;8�:ØG ]$atJ;E$8fOg<3H9E�JØPb��J;l,�,JpE$G9[ØW|8�8>]�G ]|G O3S�ç�8�ahG9[rG?�Ï�,]$w�JI<gPb]P �Ä=FG�698>O38>]$H J;E`1DxP+8>6{G O3�$G{JI8hJ;E,8�G{J;J;8>]��$G J;<3P9]àO38>],H9J;EæP �FJIE,8�6{G :I<gPb�$[A�$W�8>:z[?JI8�[\J;8�aYÚ�<gJ�<e[�],8"ws8"[;[IG :IS+J;P^8>6{G O3�$G{JI8�$:z[mJ@JIE,8h:IG J;<3P&P9�pJ;E$8RQh8"G ]$[@P9�pJ;E$8RO38s��J�G9]$a^:I<3H9E�J@n.�ªDT�7X@M 6{G O3�,8�[@G J@8"G9wzE�l|P�[\<gJ;<3P9]àG O3P9],H&J;E$8W�8�G Q�1ND`P �,]|a�8>:z[mJzG ]$a&JIE,<3[�Ú|w>P9]$[;<ea�8>:FJIE$G{J�JIE,8�G{J;J;8�]��|G{J;<3P9]�P9��O3<gHbE�JZG9[�<gJfJ;:zG�698�O3[FG9OgPb],HRJ;E,8?�|W|8�:f<3[H9<3698�]&W�S u â	��ã ½ u � âv��ãmÓ �LwYx2y â�0$1 Ubã

=�E,8�:;8��R<3[.J;E$8@a,<3[\JIG9]$ws8A�Ï:IP9Q
J;E$8Al�P9<3]�JNP9�x<3Qhl$G9wsJFP9�YJ;E$8AW�8�G9QoG O3P9]$H�J;E$87�|W|8�:.JIPRJ;E,8?G l$l,:;Pbl,:I<3G J;8np�^D@Úz�+<e[NJ;E,8�G J\J;8�]��$G{JI<gPb]&O38>],H9J;EYÚ|G ]$a u � âv��ãN<3[FJIE,8�G QhPb�,]�JFP9��O3<3H9E�J�l,:;P�a��|ws8�a�G{J�JIE,8?<3]bJI8>:zG9wsJ;<3P9]l�P9<3]bJ"1�d]�l,:zG9wsJ;<ews8bÚ{<�JÄ<3[`�ÏP9�$]$a?JIE$G{J�J;E,8FG QhPb�,]�JxP �|Og<3H9E�Jxl$:;P�a��$w>8�atG{J`JIE,8N<g]�J;8�:IGbw�JI<gPb]�l|Pb<g]�JÄ<3[�GZ�Ï�,]$w�JI<gPb]P �{�|1ØM.Pb]$[;8�Ù��,8>]�JIOgSbÚ�J;E,8��7X@MÐ6{G O3�,8�[N�ÏPb:FJ;E,8@Jm=NP np�ªD�� [F<g]+Ù��,8"[mJI<gPb]&Q G�S�W�8?8sÍ�l,:I8�[I[\8"a&Gb[
Ã ±�Äe|j}�~ ! ½ ¬Äâ	��ã\Ó �7wYxay ³�¥u÷ Ã ±�Ä�� îj�G� ! ½ ¬Äâv��ãmÓ wYxay � â�0$1 0�ã

=�E,8�:;8D¬Äâv��ã.<3[�J;E,8?Hb8>P9Qh8>J;:I<3w7Qh8�G ]�w>G9O3w>�,OeG{J;8"a&�Ï:;PbQ
¬Äâv��ã ½�� â Ã ±�Äe|j}�~ ! Ã ±¢Äe� îj�Y� ! ãsÑ â�0$1C�9ã

DFE��$[�Ú�G�:;8�Og<eG W$Og87QR8>J;E,P�a�J;PR8sÍ�J;:zG9wsJpJ;E$8AG J\J;8�]��$G{JI<gPb]�Og8�],H JIE�6{G O3�,8A<3[.JIP�JIG9y98ZJ;E,8A:IG J;<3P�W�8sJm=N8>8�]�J;E$8Jm=NPh�7X@MÐ6{G O3�,8�[�G9W|P{6b8'& � ¥Øâ Ã ±�Ä |j}�~ ! Õ Ã ±�Ä � îj�G� ! ã ½ �ZB9��Õ9�YÑ â�0$1 ��ã
nØO3P J;J;<3],H?JIE,8A�7X@MÎ:IG J;<3P?6�G9Og�$8�[NG{JNa,<_3ì8>:I8>]�J.l�Pb[;<gJ;<3P9]$[.P9]�Gt[\8�QR<�ó�O3P9Ht[;w�G O38f:;8"[\�$O�Jz[Ø<3]�G�[\J;:zG <3H9E�JpO3<g]$8=�<gJ;E+Gh[\O3P9l�8?P ���ZBbÕ��`1ØDFE,<e[F<3[f=�E$G{Jf<e[�[\E$P{=�]&<3]+�x<3H$1,0$1g2"�t�ÏP9:fG O3Oì�$W�8>:fW$�,]$a�O38�[�Ú,=�E,8�:;8AJ;E$8�ws�,:I698"[E$G�6b87W�8>8�]�[;E,<g��J;8"a+G O3P9],HtJ;E,8?S�cdG{Í�<e[p�ÏPb:fwsOeG :I<�JmSb1��Jx<e[x8>6�<3a,8>]�JxJIE$G{JxJ;E,8FG{J;J;8�]��|G{J;<3P9]�Og8�],H JIE$[`P9��J;E,8�5@�,:zG :zG�Sf�$W�8>:z[�G :I8pÙ��,<�JI8.:I8>l$:;P�a��$w><gW$Og8ØW�8sJm=N8>8�]a�<?3�8�:;8�]�Jf�$W�8>:Z[IG Qhl,O38�[�Ú$G9[f=.8�OgO`Gb[fa�<?3�8�:;8�]�JZH98�P9Qh8sJI:;<ew>G9Oìw>P9]��|H9�,:zG{JI<gPb]$[>1.DFE,8�nÄP9O�1 ÿf<�1 Dx8�wzEY1�Qt�,OgJ;<�ówsOeG9at�$W�8>:z[ÄE$GbaRG9] G{J\JI8>]��$G J;<3P9]ROg8�],H JIERP9�D� ½ â�B L j���L�ã`w>Q�ÚbwsPb]$[;<3a�8�:IG9W,O3S�[\E$P9:;J;8>:�JIE$G{JrJIE,8�5@�,:zG :zG�S�$W�8>:z[>1��fO3O�J;E,8N:I8�[;�,O�Jz[xG9:;8.<g]tW,:IPbG9a?G9H9:I8>8�QR8�]�J`=�<�JIE�JIE,Pb[;8pP9�«5?_�4�6^G ]$atG :I8Øl,:I8�[;8>]�J;8"a?<g]RDxG9W,O38N0$1 B,1��Jf[\E$P9�,Oea�W�8@QR8�]�J;<3P9],8"a�JIE$G{JFJ;E$8�5?_Ä4�6�M.PbOgOeG W�P9:zG{JI<gPb]�G Oe[\PtJ;8"[mJI8�a�i.�;MN~f4�g$�A[Iws<3]�J;<3OgOeG{JI<g],Ht�$W�8>:z[>ÚW,��J.:;8"ws8>]�JØl,:I<ews8fÙ��,P JI8�[Ä�Ï:IP9Q¦iN�;MN~�4�gÎ:I8>6b8�G9Og8"a�JIE$G{JrJIE,8�[;8ZG :I8NJ;P�P�wsP�[mJIOgS��ÏP9:rJIE,8  �d É�É�$Tl,:IP;(m8�wsJG ]|a&[;Ph=.8�:;8@8sÍ,w>Og�$a,8�a&�Ï:;PbQéJ;8"[mJI<g]$Ht�ÏPb:�J;E$<3[F:I8�Gb[\Pb]Y1DxP�a�8>J;8>:IQh<g]$8�J;E$8�JI<gQh<3],H�:I8�[;P9O3��JI<gPb]æP �fJIE,8��|W|8�:tW,�$]$a�O38�[�ÚrJ;E,8�[;P ��Jm=FG :I8�Qh8�G ]ßJ;<3QR8�G ]|aæJ;E$8O38s��J\c�:I<gHbEbJFJI<gQh<3],H�a�<?3�8�:;8�]$ws8?Qt�$[mJfW�8�wsPbQhl,��J;8"aÛ1ØDFE,8"[\8�Ù��$G9]bJI<�JI<g8"[�[\E$P9�,Oea�E|G�698?wsPb]$[mJzG ]�J�6{G O3�,8�[�G JG ]�S�H9<3698>]àl�P9<3]�JtG O3P9],H�JIE,8 �$W�8>:"1+ÿfP{=N8>698�:�ÚYJ;E,8�:;8�G9:;8 [;P9Qh8 �,]$w>8>:;JIG9<g]�J;<38�[�G9[I[\P�ws<eG{JI8�aÇ=�<gJ;EàJ;E$8�[;86{G O3�,8�[�Ú�=�E,<ewzE+G :I<3[;8Z�Ï:IP9Qo<g],E$8>:I8>]�J�J;<3Qh<g],H :I8�[;P9O3��JI<gPb]�P �rnp�^D�[F<g]�69PbOg6b8�a&G ]$a&l,E,P9J;P9]+[\JIG J;<e[mJI<3w�[>1DFE,8+JI<gQh<3],Hß:I8�[;P9O3��J;<3P9]Î=FG9[�a,8sJ;8�:;Qh<3],8�aÎ=�<gJ;EÎJm=NPßQh8sJIE,P�a,[ JIE$G{J&S�<38>Oea�8"a)wsP9]|[\<e[mJI8>]�J�:I8�[;�,OgJI[�1��JzG{J;<e[\J;<ew>G O3O3S&<gJAG9l,l|8"G :z[FJ;E|G{J�5@�,:zG :zG�S �$W�8>:z[fE|G�698�[;�,l|8�:;<3P9:fJ;<3QR<3],H&:;8"[\PbOg��JI<gPb]�J;P JIE,8tnÄPbO-1 ÿf<�1 Dx8�wzE`1�$W�8>:z[�=�E,<ewzE)<3QRl$Og<38�[�J;E$G J�J;E,8ª�ÏP9:IQR8�: �$W�8>:z[�E$G�6b8+W|8>J\JI8>:�O3<3H9E�J�l,:IP�a��$w�JI<gPb])G ]$aÎO3<gHbE�J&wsPbOgO38�wsJ;<3P9]w>G9l$G W$<gO3<�JI<g8"[>1Ø�ZOgOY�$W|8�:fW,�,]|a�Og8"[�HbG�6b8 º ½ U9U v��ß�{vbv�è«é91rDFE,<e[�<e[fwsPb]$[;<3[\J;8�]bJ�=�<gJ;E�J;E$8D5?_�4�6�:;8"[\�$O�Jz[=�E,<ewzE+E$G9a º ½ Lbv9v�è�é7�ÏPb:�J;E,8tnÄP9O�1 ÿZ<-1 D`8"wzEY1$G9]$ai5@�,:IG9:IG�Sh�|W|8�:I[7G ]$a�jbvbv�è«éA�ÏP9:ZJ;E,8ti.<ews:IP9]&�$W�8>:z[>Ú�2��KN��Q2��Q����7�N�PXNS��	U��PX��a���J�,�BX5� �P�N�YRNR;�5Q2���N��X��D�;KN�2�W�;K�XB���Y�;�G�����Y�a�, Y¡Y¢2£NX9¤GQ2¥5Q2R4�¦2§ �YM�� ¨ ��� ��T�O����e�r� �r� M�� �BXN�DQ2���	�YMP��XBV���Q2M �G�©Yª Vv�¬«¬­��®�7�Y��¥��Y��Qa�	�P�YR�XN�cTJ¯ �NKN�	�GX9­b�B�P�NX5°�±;²e�
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Attenuation Measurements              
Old Kuraray (Loose Bundle)
Old Kuraray  (5/4 Stack)
Pol.Hi.Tech Single (5/4 Stack)
New Kuraray (5/4 Stack)
Pol.Hi.Tech Multi (5/4 Stack)
K1B Fit − λ = (285 +/− 7) cm
K1S Fit − λ = (283 +/− 2) cm
K2S Fit − λ = (273 +/− 3) cm
PHT2S Fit − λ = (234 +/− 3) cm

��<gHb�,:I8�0,132��+&.�NJ\JI8>]��$G J;<3P9]+O38>],H9J;E+Qh8�Gb[\�,:I8>Qh8�]bJz[F�ÏP9:76{G :I<gPb�$[F�$W�8>:z[>1fDFE$8�nÄP9O�1 ÿZ<-1 Dx8�wzEY1$[;<3],H9O38�ó�wsOeG9a�$W�8>:z[fG l$l|8"G :FJ;P E|G�698@W|8�8>]+W,:IP9yb8>]�P9:Z[\J;:I8�[I[;8�a�G{J�J;E$8�OgP�w�G{J;<3P9]|[F=�E,8>:I8@J;E,8�a,<3[IwsPb]bJI<g]��,<gJ;<38�[ZG l,l�8�G9:<3]&JIE,8><3:fws�$:;6b8hâ��,]$w>P9],],8"w�JI8�a�[;Ù��$G9:;8"[Iãs1

=�E,8�]àJ;E,8�]��,QtW|8�:�P9�Fl$E,P JIP c�8>O38�w�JI:;Pb]$[?wsPbOgO38�wsJ;8"a�=FG9[tøßâ ¨xÑ Ó�ÑCã ½ Lbv,1�DFE,8�[;8�]��,Q�W�8>:z[?:I<3[;8hJ;PÇU v9v c�9vbv�è«éA�ÏP9:�øßâ ¨xÑ Ó�ÑCã´³ 2�v,1N�,:IP9QoJ;E,8�D�~��mk7�ª��Qh8�G9[;�,:I8>Qh8>]�Jz[>Ú��,J;J;<3],H�P9�xJIE,8��ZX?M [\l�8�wsJ;:zGhS�<g8�O3a�8"aøßâ_¨`Ñ ÓbÑCã�³}j|17DFE��$[�Ú$JIE,8RD�~f�mkZ�ª�Î:I8�[;�,OgJI[ZG9:;8twsP9]|[\<e[mJI8>]�J�ÚìG{JAOg8"G9[\JAÙ��$G9Og<gJIG J;<3698>O3S9Ú�=�<gJ;EªJIE,Pb[;8?�Ï:IP9Q5?_�4�6Z1��Za,a�<gJ;<3P9]|G O`a�8>JIG9<gOe[�w>G9]�W�8@�ÏP9�$]$a�<g]�:;8>�Ï8>:I8>]$w>8-� B9����1DFE,8:5@�,:zG :zG�S��$W�8>:z[�[;E,P{=N8�aÇG+wsP9]|[\<e[mJI8>]�J;O3S^W�8sJ;J;8�:�l�8>:;�ÏP9:IQhG9]$ws8�Gb[?l�8>:?JIE,8�O3<gHbEbJRG{J\JI8>]��$G J;<3P9]wsP�8>è w><g8�]�JZG ]$a�J;<3Qh<g],H :I8�[;P9O3��JI<gPb]Y1rÿfP{=N8>698�:�Ú�JIE,8�nÄP9O�1 ÿZ<-1 Dx8�wzEY1�Qt�,O�JI< ó�wsOeG9a��$W�8>:z[Fl|8�:\�ÏPb:;Qh8�a�W�8sJ;J;8>:<3]æJ;8�:;Q [tP �fO3<gHbEbJRS�<g8�O3aÛÚrW|G9[;8�aß[;<gQhl,O3SàP9]æJIE,8�P9W$[;8>:I6{G{J;<3P9]ÇJIE$G{JR�ÏP9:tJ;E,8�[;G9Qh8�W,<eG9[tG ]$aæH�G <3]æJ;E$8Qh8�G9]ßP ��JIE,8&�7X@M
[;l�8�w�JI:IG+�ÏP9:tJ;E,8"[\8��$W|8�:I[t=FG9[�E$<gHbE,8>:"1^DFE,8"[\8��$W|8�:I[tE$GbaàQRPb:;8�J;E$G9]äG9a,8�Ù��$G{JI8l�8>:;�ÏP9:IQhG9]$ws8f�ÏP9:ØJIE,8Z:I8�Ù��,<3:I8>Qh8>]�JI[pP �ìJ;E$8�ÈRÉ�ÊYË�ÌT8sÍ�l�8>:I<gQh8>]�J.G9]$a�G9:;8Zw>P9]$[;<ea�8>:zG W,O3StwzE$8�G l�8>:AâÏW�ShG��G9wsJ;Pb:fP �pB9ã�J;E$G9]�J;E,8�5@�,:IG9:IG�S��$W|8�:I[�1��,Pb:fJ;E$<3[Z:;8"G9[;P9]YÚ$nÄPbO-1 ÿf<�1 D`8"wzEY1FQ��,OgJ;<�ó�w>O3Gba��$W|8�:I[ZE$G�698?W�8>8�]�$[;8�a�<3]�JIE,8�wsPb]$[mJI:;�|w�J;<3P9]�P �rG O3OÛl,:IP JIP JmS�l|8@QhP�a��,O38�[�Ú�8sÍ,ws8�l�JZiFG W�S�c�v$1��%aå.�b#:á.%^Ë��ì� �p#{*,'�ÉGÊä%^É¦É�%-!|'��.�9É��GÉ
_Y<3H9E�J;c-JI:IG9]$[\Qh<e[;[;<3P9]tJ;8�[\JI[ØP �ìJ;E,87[;w><g]�J;<3O3O3G J;<3],H@�$W�8>:z[ØE$G�6b8NW�8>8�]�wsPb]$a��$wsJ;8�ah�|[\<3],H�G?a�8"a�<ew>G{JI8�ahPbl�J;<ew>G9OJ;8"[mJI<g]$Ht[;S�[\J;8�Q¦J;E$G J.8>Qhl,O3P{S�[._�6pX Og<3H9E�JF[\Pb�,:Iw>8�[r=�<gJ;E�a�<?3�8�:;8�]bJN=NG�6b8>O38>],H9J;E$[�Ú JI:IG9]$[;l|Pb:\JpO3<3H9E�J.Hb�,<3a,8�$W�8>:z[>ÚbP9l�JI<3w�G O��|O�JI8>:z[>Ú�G ]$ah<e[ØwsPb�,l,O38�aRJIP�G?a��$G OgcdwzE$G ],]$8>O$[;l|8"w�JI:;Pbl,E,P JIP9Qh8sJI8>:ØG9]$ah�ZX?M71�DFE,8f[;S�[mJI8>Q<e[Z[;8>]$[;<�JI<g6b8@J;P�=FG�698�Og8�],H JIE$[F�Ï:IP9Q·LbU v0�+ÜáJIPª2�vbv9v��«Ü�Ú�<3[7wsP9]$],8�wsJ;8�a�JIP J;E$8�k7��iýl�P9:;JZP �ØGhOeG l�JIP9lYÚG ]|a�<e[�:I8�G9a&P9�,JFW�S&QR8"G ]$[FP9��w>P9QhQh8>:zws<eG OY[;P ��Jm=FG :I891nØ:I8>O3<3QR<3]$G9:;S JI8�[\JI[ZE$G9a�<3]$a�<ew>G J;8�a�JIE$G{JA8sÍ�l�Pb[;<g],H�[Iws<3]�J;<3OgOeG{JI<g]$H �$W�8>:z[�J;P&kfq O3<gHbE�J7w>G9�$[\8"a+a�8>Hb:IG ca,G J;<3P9])<3])J;:zG ]$[;Qh<3[I[;<gPb]�<3]�J;8�]$[\<gJmS91 DFE$<3[&G H9:I8>8"a�=�<�JIE)J;8"[mJ�:;8"[\�,OgJI[��Ï:;PbQ 5?_Ä4�6 � BbU¦��1 DFE,8^],8>Í�J[\J;8>l}=NGb[�JIPä�,]$a,8>:z[mJzG ]$aÎJIE,8Ç:;8"G9[;P9]��ÏP9:&J;E,<e[�a�8�w>:;8"G9[;8ª<3]ÐOg<3H9E�J�8>Qh<e[;[;<gPb]Y1
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ADC Channel (Arbitrary units)
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�x<3H9�$:;8?0,1CB�2l&·�§� �<�ýl$�,O3[;8@E,8><3H9E�JZ[;l|8"w�JI:;�,Qá�ÏP9:�O3P{=}<3]bJI8>]$[;<gJmS�O3<gHbEbJ�l,�$O3[;8�[�1

�$W�8>:h=FG9[t<g]�a�<g:I8�wsJRw>P9]�JIGbw�Jt=�<gJ;EùJ;E$8�[;�,:;��G9ws8&P ��JIE,8i�+�q�)=�<3]$a�P{=?Úr=�E,<3O38&<gJRE|G9aäG�v,1 L"�fv$1 U�QhQG <3:@HbG9l^W�8sJm=N8>8>]�J;E$8 8>]$a�P �.J;E,8R�$W�8>:�G9]$aªJIE,8�[;8>]$[;<�JI<g6b8R[;�,:;��G9w>8tP9�pJ;E$8'�§� �<��<3]�Pb:Ia,8>:AJ;P�l,:I8>6b8>]�Ja,G9QhG9H98�J;P&J;E,8��G� �<�?1t��J@[;E,P9�$O3a^W|8h],P9J;8�a^J;E|G{JAJ;E,8 iN�,:IOg8h�bU�� U:�<���æE$Gb[AG�B9U��o8sè�ws<38>]$w>SªG{J@J;E$8l�8�G yàP9��J;E,8k5@�,:IG9:IG�S^8>Qh<3[I[;<gPb]æ=NG�6b8>O38>],H9J;Eæ=�E,<3Og8�J;E,8Å�§� �+�¯� [�8>è w><g8�]$wsSÇ�ÏPb:�JIE$G{JR:;8�H9<3P9]à<3[RG W�P9�,J2"U���1p�Z[fGh:I8�[;�,OgJ�Ú��ÏPb:FJ;E,8�J;E,8�[IG Qh8?O3<gHbEbJf<3]�J;8�]$[\<gJmS��Ï:IP9QáJ;E,8�[Iws<3]�J;<3OgOeG{JI<g]$Ht�|W|8�:�Ú$J;E,8*�G� �<� 8>Í�E$<gW,<gJI[G�l,E,P9J;P9]Ça�8sJI8�wsJ;<3P9]à8sè�ws<38>]|wsS+JIE$G{J?<e[?09v�� P9�pJIE,8��<�q��� [>1hDFE,8�w>P9Qhl$G :I<e[\Pb]ª<g]Ç8sè�w><g8�]$wsSªW�8sJm=N8>8�]J;E$8@Jm=.P a�8�6�<ews8"[F<3[�[;�,QhQ G :I<gç�8�a&<g]+D�G W,O38�0,1 L,1� XZ8�6�<ews8 Ð Æ ¼ �UbU vt],Q �§� �<� v,1 L 09v9� B9v���<�q� 291 v U�� Ul�j�L���],Q �§� �<� v,1 L j�U�� 2�Ul��<�q� 291 v B9U�� BbUl�
DxG9W,Og8?0$1 L+&ØXZ8>J;8�wsJ;<3P9]�8sè�w><g8�]$wsSbÚ=� ½ÑÆ ¼ ÅGÈ�Ú��ÏP9:FJIE,8*�§� �+�¯� [fG ]$a��<����� [�1

DFE,8N[;w><g]�J;<3O3O3G J;<3],HZ�|W|8�:�=FG9[`8sÍ,ws<gJ;8"a��$[;<3],HAG�ÒN����:�âvÒ|�;Ê?ãYW�8sJzG7[;P9�,:zws8pJ;E$G J�E|G9[�G7B9B9�9v�yb8>q�Q G{Í�<gQ G9OG ]|aª�9L�Uhy98�q�G�698�:IG9H98@8>]$8>:IH9S�P �ØW�8sJIG&l$G9:\JI<3w>Og8"[>1ZDFE$8Ra�<?3ì8>:I8>]$w>8�<3]+J;E,8ha�<e[mJI:;<3W,��JI<gPb]$[7P �Ø<3P9],<3ç�G J;<3P9]8>]$8>:IH9SßO3Pb[I[h<g]�JIE,8ª[;w><g]�JI<gO3O3G J;<3],H c��$W�8>:�w>P9:I89ÚNG9[ w>G9O3w>�,OeG{J;8"a�W�SùGæ�+P9]�J;8>cmMNG9:;O3Pà[\<3Q��,OeG{JI<gPb]ä�ÏPb: J;E$8J;:I<3H9H98�:;<3],HfW�8sJzGZl|G :;J;<ewsO38�[�G ]$a�w>P9Qhl$G9:;8"a@J;PZJ;E,8NQh<g],<3Q��$Q <gPb],<3ç�G{JI<gPb]�l$G9:\JI<3w>Og8"[>Ú�<e[xPb],O3S@Gf�Ï8>=ßl�8>:zws8�]�JP9]ùG�698>:zG Hb8�� L�U���1ÇDFE,8�D�X@MéG ]$aß�7X@Mé[\l�8�wsJ;:zG+=.8�:;8�G9w�ws�,Qt�,O3G J;8"aæG ]$aùG ]$G9OgS�ç>8"aÇJ;P�8sÍ�J;:zG9wsJ�J;E$8a�8�l|8�]$a�8>]|ws8hP �ØJIE,8 a�8sJI8�wsJ;8�a�O3<gHbEbJ?G ]|aªJI<gQh<3],H&:I8�[;P9O3��JI<gPb]�G9[AG&�Ï�,]$wsJ;<3P9]ÇP �.a�<e[\JIG ]|ws8RP �ØJIE,8 [\Pb�,:Iw>8�Ï:IP9QéJIE,8@:;8"[\l�8�wsJ;<3698A:;8"G9a�Pb��JN8�]$a&P �`JIE,8A�$W�8>:"1ØDFE,8@QR8"G ]�6{G O3�,8�[NP �xJ;E,8?a�<e[\J;:I<gW,�,J;<3P9]$[F=N8>:I87�|[\8"a�<3]J;E$8�w>G Oews�$O3G J;<3P9]�P �`JIE,8�G{J;J;8�]��|G{J;<3P9]�O38>],H9J;EY1DFE,8 8>Í�l�8>:I<3QR8�]�JIG O.a,G{JzG�=.8�:;8h�,Jt=�<�JIEßG ]à8sÍ�l�P9],8�]bJI<3G9Opws�$:;6b89Ú Ó ½ u Å{8>Í�l`â���ûÛÕ5Ô.ãsÚx=�E$8>:I8 u <3[J;E$8�G QhP9�$]bJ�P9��O3<gHbE�Jfl,:;P�a��|ws8�a�G J�J;E,8�<3]�J;8�:IGbw�J;<3P9]�l�P9<3]bJ"ÚÃÔ�<e[FJ;E,8tG{J\JI8>]��$G J;<3P9]�Og8�],H JIE+G ]$akûª<e[FJ;E$8a�<e[mJzG ]$w>8FJ;PAJ;E$8f<gPb],<3ç�G{JI<gPb]R[;P9�$:Iw>891xDFE$8�:IG J;<3Pb[�P ��J;E,8�Qh8"G ]h6{G O3�,8�[��ÏPb:rJ;E,8FJm=NP@<3a,8>]�J;<ew>G9O,l|P�[\<gJ;<3P9]|[ÄP �G ]?<3P9]$<gç"G{J;<3P9]�[;P9�$:Iw>8ØG :I8rO3G9:;Hb8>:ì�ÏP9:`J;E,8��<�q�t<3]�wsPbQRl|G :I<3[;P9]A=�<�JIE?J;E$8´�G� �<�?1Ä�Z[xG�:;8"[\�$O�J"Ú>Jm=NPZa�<?3�8�:;8�]�J
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Time resolution for PMT and SiPM
4m KURARAY scintillating fiber

SiPM+Amp

PMT

��<gHb�,:;8@0,1CB9B<&rDFE,8@J;<3Qh<g],H :I8�[;P9O3��JI<gPb]&G9[�Gt�Ï�,]|w�J;<3P9]�P9�xJIE,8�a�<e[mJzG ]$w>87�Ï:IP9QoJ;E,8?6&a�8sJI8�w�JIP9:"1

G{J;J;8�]��|G{J;<3P9] O38>]$H J;E|[Ø=N8>:I8fP9W�JzG <3],8�aR�ÏPb:ØJIE,87[IG Qh8��$W�8>:"Ú-ÔeÕ�î ÝcÖ ½ B9U�2fw>Q¦G9]$aºÔ Ý ÖØ× ½ 2�jb0?wsQ¦�ÏPb:J;E$8��§� �<�ÎG9]$a�J;E,8q�<����a,G JIG,Ú9:;8"[\l�8�wsJ;<3698>O3S9Úb[mJI8>QhQh<g],HA�Ï:IP9Q¬JIE,8fa�<?3�8�:;8�]$ws8F<3]RJ;E,8f[;l|8"w�JI:IG9O�[;8>]|[\<gJ;<36�<�JmSP �pJ;E,8"[\8RJm=NP�a�8�6�<3w>8�[�1�DFE,8º�§� �<��<e[@QhP9:I8t[;8>]$[;<�JI<g6b8�JIP�OgPb],H98�:76{G O3�,8"[7P9�´�Ç=�E,8�:;8�J;E,8RJI:IG9]$[\Qh<e[;[;<3P9]O3Pb[I[Z�ÏPb:AJ;E,8-5@�,:zG :zG�S��|W|8�:A<e[@O3P{=.8�:�1�DFE,8�:;8>�ÏP9:I89Ú�J;E$8º�G� �<� .\:I8�G9Og<3ç>8"[|0&G�O3P9]$H98>:@G{J;J;8�]��|G{J;<3P9]�Og8�],H JIEwsPbQhl$G :I8�aªJ;P&J;E,8:�<���x1�47W�6�<gPb�$[\O3S9ÚìJIE,8��§� �+�Fc��$W|8�:?wsP9QtW,<3]$G{JI<gPb]^l,:IP{6�<3a�8"[@G&w>Og8"G :?G9a�6{G9]bJzG Hb8�P{698�:J;E$8t�<�q�|c��$W|8�:fP9]$89Ú�<3]�G9l,l,O3<3w�G{JI<gPb]$[N=�E,8>:I8?OgPb],Ht�$W|8�:I[fQ��$[\JfW|8?�|[\8"aÛ1DFE,8ZD�X?Mùl�8�G yRO3P�w�G{JI<gPb]ªâ�J;E$8ZQh8�G9] 6�G9Og�$8fP �ìJ;E$8AV@G �|[;[;<3G9]R�,Jzãp=NGb[rl,O3P J;J;8�a�698>:z[;�$[ÄJ;E$8Za�<e[mJzG ]$w>8�Ï:IP9Q J;E,8r�Ï:IP9]�J;c�8�]$a@a�8sJI8�w�JIP9:"1xDFE,8.[\O3P9l�8�[ÛP9��J;E,8.Og<3],8�G9:Û�,Jz[Û�ÏP9:`J;E,8´�§� �<�ßG ]$aAJIE,87�<���tG9H9:I8>8Ä=�<gJ;E�8"G9wzEP JIE,8>:.=�<�JIE,<3]�J;E$8Z8>:I:IP9:ØP9�YQR8"G9[;�,:I8>Qh8>]�J�Ú�G ]|a�G :I8f8�Ù��$G9O,JIP�291 LbB��Av,1 v,2�wzE�8 wsQ
G ]$a+2b1 LbL��Av$1 v$2FwzEª8{wsQ�ÏP9:�JIE,8F6�G ]$a�J;E,8q�<��� 8sÍ�l�8>:I<gQh8�]bJzG O�a,G JIG,Ú{:I8�[;l�8�w�JI<g6b8>O3S91�DFE,8�D�X@MßwsP9]�6b8>:z[\<3P9]@��Gbw�J;Pb:Ä=NGb[`j���l$[µ8{wzE`1DFE,8Rw>G Oews�$O3G J;<3P9]ªP9�rJ;E,8R698�OgP�ws<gJmS�P �pO3<gHbE�J7l,:IP9l$G9HbG J;<3P9]�H9<3698"[0Ù ½ âm29Ñ 09v���v,Ñ v9Lbã��æ2�v9Ú�Q�8{[�Ú�G�6�G9Og�$8J;E|G{JZG Hb:;8�8�[N=�<gJ;E�J;E,8D5@�$:IG9:IG�S���w><3��<`[;l|8"ws<g�|w>G J;<3P9]$[�[;E,8�8sJ�1DFE,8ZJ;<3QR<3],Ht:;8"[\PbOg��JI<gPb] <3[.l,:I8�[;8>]�J;8"a <3]���<gH|1�0$1 BbB@G9[NG?�Ï�,]|w�J;<3P9]�P �YJIE,87a�<e[\JIG ]|ws8ZP9�ÛJ;E,8A<3P9],<3ç�G J;<3P9][;P9�,:zws8��Ï:;PbQñ8�G9wzEª�Ï:;Pb]bJ;c�8�]$aªa�8>J;8"w�J;Pb:�1�DFE$8ha$G{JIG�l,:I8�[;8>]�J;8"aª<3]���<gH|1Û0,1CB9B E|G�698�]$P J@W|8�8>]�w>P9:I:;8"w�JI8�a�ÏP9:FJIE,8AJ;<3Qh8�(m<�J;J;8>:�P9�`JIE,8@J;:I<gHbH98�:Na�8>J;8"w�J;Pb:�P9:NJ;E$8�(m<�J;J;8>:fw>P9],]$8�w�JI8�a&=�<�JIE�J;E,8?_Y8{M.:;P{S�0$2"B�G Qhl,O3<��$8�:�1DFE,8�[\Q G O3O38�[\J�6{G O3�,8�[tP �Z[;<gHbQ G+=.8�:;8^291CU�]$[RG ]$a)2b1g2�]$[?�ÏPb:�JIE,8Û�G� �<� G ]$aÇJIE,8i�+�q��Úr:;8"[\l�8�wsJ;<3698�OgSbÚwsPb:;:I8�[;l�P9]$a�<3],H JIP�JIE,8hQh<g],<3Q G OØa�<e[\JIG ]|ws8RW|8>Jm=.8�8>]ªJIE,8R<gPb],<gç"G{JI<gPb]�[;P9�,:zws8RG ]$aªJ;E,8R�Ï:IP9]�J\c�8>]$a^a�8sJI8�w�cJ;Pb:�1Î��<g]|G O3OgSbÚpJIE,8�J;<3QR<3],Hæ:I8�[;P9O3��J;<3P9]�a�8>l�8>]|a,[hP9]ùJ;E,8+]��,QtW|8�: P �@a�8sJI8�w�JI8�a�l,E,P9J;P�8>O38�wsJ;:IP9]$[�1ùDFE$8G�698�:IG9H98�]��,QtW|8�:.P9�Yl,E,P JIP�8>O38�w�JI:;Pb]$[Na�8sJI8�w�JI8�a��ÏP9:.J;E,8@wsO3Pb[;8�[\J.l�Pb[;<�JI<gPb]�P �ÛJIE,8A<gPb],<gç"G{JI<gPb]�[\Pb�,:zws8��Ï:IP9Q8�GbwzEª�Ï:IP9]�J\c�8>]|a^a�8>J;8�wsJ;Pb:A=FG9[¯ÿAL"�ZU �ÏP9:AJ;E$8º�G� �<�¦G ]|a�ÿ@U"�f� �ÏP9:AJIE,8:�<�q��1tDFE$8R:I8�[;�,OgJIG9]bJAJ;<3Qh<g]$H:I8�[;P9O3��J;<3P9]$[.�ÏPb:FJ;E,8*�G� �<� G ]|a��ÏPb:FJ;E,8t�+�q�ª=N8>:I8?wsPbQRl|G :zG W,O3891DFE,8fl$:;Pbl|8�:\JI<g8"[rP �YG*�G� �<�)=NP9:Iy�<g]$HA<3]&VA8�<gHb8>:ØO3<gQh<gJ;8"a QhP�a,8fE$G�698�W�8>8�]�Qh8�Gb[\�,:I8�ahG9]$a wsPbQRl|G :I8�a=�<gJ;EßG�[mJzG ]$a$G :zaÇB'0&6{Gbws�,�,Q �<���x1&DFE,8�Qh8�Gb[\�,:I8>Qh8�]bJ?=�<gJ;EÇJ;E$8�],<gJ;:IP9H98�]�l$O3Gb[\Q G�a�<e[;wzE$G9:;Hb8t�$],<�J[;E,P{=f[?JIE$G{JRJ;E,8¾�G� �<�ow�G ]äGbwzE,<38>698�W|8>J\J;8�:RJ;<3QR8�G ]|aæ8>],8�:;HbS�:I8�[;P9O3��JI<gPb]$[��,]|a�8>:RE,<3H9Eäl$E,P JIP9]æ�$�,Íì1DxPæ8>6{G O3�$G{JI8�J;E,8ªl�Pb[I[;<gW,<3O3<�JmSßP9�A�|[\<3],HàJ;E$8s�§� �+�ðG9[�G��Ï:IP9]�J\c�8>]$aÎa�8>J;8"w�J;Pb:h�ÏP9:�G9]ù8�Og8"w�JI:;PbQhG9H9],8>J;<eww>G9OgPb:;<3Qh8sJI8>:N:;8"G9a�Pb��JN[;S�[mJI8>Q�Ú�=.8AQh8�Gb[\�,:I8�a�J;E,8@�ZX?M�8{D�X?M}[\l�8�wsJ;:zG?�Ï:IP9Q
J;E$8)�G� �<�}�ÏP9:FjqÜá[Iws<3]�J;<3O�cOeG{J;<3],H@�$W�8>:.<g:I:zG9a�<eG{JI8�aRW�S*Ò|�"��:.W|8>JIG�[;P9�,:zws8b1ÄM.Pb�,l,O38�aRJ;P@JIE,8fl�8>:;�ÏP9:IQ G ]$w>8fG{J\JI:;<3W,��JI8�[pP ���G� �<�¯� [>ÚbJ;E$8:I8�[;�,O�Jz[�P ��J;E$8�[;8�<g]�6b8�[\J;<3HbG{JI<gPb]$[�a�8�QRPb]$[\J;:zG{J;8"a&J;E$G J��§� �<�D� [7[;G J;<e[m�ÏS�J;E,8�W$G9[;<3w@:I8�Ù��,<3:I8>Qh8>]�JI[N�ÏPb:Z[;�$wzEG ]�G l$l,Og<ew>G J;<3P9]Y1�fOgJ;E$P9�,HbE®�§� �<�D� [AG l$l|8"G :�JIP�[;G J;<e[m�ÏS�G O3OxJ;E,8�l�8>:;�ÏP9:IQ G ]$w>8�ws:I<gJ;8>:I<eGhP �ÄJ;<3Qh<g],H�G ]$a�8�],8>:IH9S&:;8"[\PbOg�,cJ;<3P9]|[fc�G ]$aªJ;E,8�S+G Oe[\P&8>O3<gQh<3]$G{JI8�J;E$8t],8�8�aª�ÏP9:AE,<gHbEª69PbO�JzG Hb8�[\�$l,l,O3<g8"[7G9]$aªG9[I[;P�w><3G J;8"a+w>G W$Og<3],H�cFP9]$8[;8>:I<gPb�$[N<3[I[\�$87:I8>Q G <3]$[�Ú�]$G Qh8>O3S JIE,8><3:f[\Q G9OgOÛG9wsJ;<3698?G :I8�Gb[>1rM.P9]�698�]�J;<3P9]$G9Oìw>P9�,l$Og<3],HRQR8>J;E,P�a,[FW�8sJm=N8>8�]J;E$8�l�P9O3<3[;E,8�a+G9:;8"GhP �rJIE,8��$W�8>:;c�Og8"G9a�wsPbQRl�Pb[;<gJ;8�G9]$a�J;E$8Ø�§� �+�¯� [7G9:;8�]$P JZl�Pb[I[\<3W,O3891q6pQ�W�8�a,a�8"a+=FG�698[;E,<���JI<g]$H��$W�8>:z[N<g]&l,O38sÍ�<gHbO3Gb[pO3<3H9E�J\c�H9�,<ea�8"[pPb:pJI<gO38�[N=�<3OgOì],P9JN[;��è�ws8A8><gJ;E,8�:�Ú�a��,8AJIP�J;E$87O3Pb[I[F[;w><g]�J;<3O3O3G J;<3P9]
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O3<gHbEbJ?P9�NO3P{=Ü�`1&47],8 [\PbOg��JI<gPb]��$]$a�8>:?<3]�698"[mJI<gH�G{J;<3P9]�<3[?J;E,8h�$[;8 P �F[\Q G O3OrO3<gHbEbJ?Hb�,<3a,8�[AJ;Pªw>P9O3Og8"w�J@J;E$8O3<gHbEbJt�Ï:;PbQ G9]äG :I8�G�P9��J;E,8�:I8�G9a�c�Pb��J?��G9w>8�P ��JIE,8�QhP�a��,O38�[�ÚØGªþ)<3]$[\J;Pb]äwsPb],8 J;P�<g]|ws:I8�G9[;8 JIE,8�O3<gHbE�Ja�8�]$[\<gJmS�G9]$aÇ8>QtW|8"a,a�8�aàw>Og8"G :?�$W�8>:z[?6�<38>=N8�a�E,8�Gba�c�Pb]^JIPªwsPbOgO38�wsJ?J;E,8�O3<3H9E�J?J;PªG�]��,Q�W�8>:�P �Ø�G� �<�¯� [>1nØ:I8>O3<3QR<3]$G9:;Sßw�G Oews�,OeG{JI<gPb]$[R<g]$a,<3w�G{J;8+G9]�Gba�8�Ù��$G J;8+G QhP9�$]bJ P9�7O3<gHbEbJ�w>P9O3Og8"w�J;8"aäW�Sß8"G9wzE½�§� �+� G9]$a�GQ G{JI:;<gÍ�P9�pG�]��,QtW|8�:7P9��JIE,8>Qñ=�<3O3O�w>P9Q�W$<g],8t<g]�JIP�P9],8tP9��JIl,��J"1ZþÇ8t8>Í�l�8�wsJZJIP�E$G�6b8?J;E,8��$:z[mJAQhG J;:I<�ÍP �Ø2"0*�G� �<�¯� [p=�<gJ;E�wsPbQRQhPb] 69P9OgJIG9H98Z[;�,l,l$OgS G ]|ahP9��JIl,��JF=�<�JIE,<g]�G@�Ï8>=}QRPb]�J;E$[.G ]$ahJI8�[\J;<3],H�JIP�W�8>Hb<g]Y1
I�JLK�J,Ý Þ½ß�Yl}=y<WuTU{ àpoqRU}=R�]âá·W~}=R
��JI�$a�<38�[ P9�ZJ;E$8+l,E,P JIP9]ÎG ],Hb�,OeG : a�<e[mJI:;<3W,��JI<gPb]ù�ÏPb:hJ;E,8ÇÈRÉ�ÊYË�Ìµ8>Í�l|8�:;<3Qh8>]�J E$G�698�[\E$P{=�]äJIE,8+],8>8"a�ÏP9:�l,E,P JIP9]ßa�8>J;8"w�J;<3P9]æ<3]àJ;E$8�W$G9wzy�=FG :za^Pb:��,l$[\J;:I8�G9Q�a�<3:I8�w�JI<gPb]X��2"����1ª��8�698�:IG9Or8sÍ,wsO3�$[;<g6b8 :;8"G9w�JI<gPb]$[�ÚO3<3[\J;8"aßW�8>O3P{=?ÚØwsP9]�JzG <3]ßl,E,P9J;P9]|[�<3]ßJIE,8��|]$G O�[\JIG{JI8�Pb:;<3H9<3]$G{JI<g]$Hª�Ï:IP9QµW|P9J;EäJ;E,8�Qh8�[;P9]äG9]$aßW$G9:;SbP9]a�8"w>G�S+698�:\JI8sÍ�8�[�ÚÛG ]$a�=N8>:I8t[;<gQt�,O3G J;8"aªJIP�[\J;�$a,S+J;E,8h8�QR<e[I[\<3P9]ÇG ],HbOg8"[7P9�pJIE,8 a�8�w�G�S+l$G :;J;<ewsO38�[7=�<�JIE,<3]J;E$8  �d ÉbÉi$ a�8sJI8�wsJ;P9:"1�DFE,8�[;8�:I8�Gbw�J;<3P9]|[�=.8�:;8�[;<3Q��,OeG{JI8�a��$[;<g]$H J;E,8-e`Ë Ø �¬ãp� Lb0��Äl,E$G9[;8�[;l$G9w>8�8>6b8>]�JH98�],8>:zG{JIP9:fGb[;[;�,Qh<g]$H�G l,E,P9J;Pb]ªW|8"G Qð8>]$8>:IH9S�P9�p��Ò?Ó{ÔéG ]|aªG ëfa�8�l|8�]$a�8>]|ws8�P9�ØÓ'�7µ%ä ! ä31ZDFE$8��+P9]�JI8MNG :IO3P�8>6b8>]�JI[A=N8>:I8�JIE,8>]�J;:zG9wzyb8�a�JIE,:IP9�,HbE�G�[\<3Q��,OeG{JI<gPb]^P9�pJ;E$8ha,8sJ;8"w�JIP9:?G9[I[\�$QR<3],H�J;E,8hl,:IP�a��$w�JI<gPb]G ]|a�a�8�w�G�St6b8>:;J;8>Íhw>P9<3]$ws<ea�8�a�=�<�JIE�J;E$87ws8�]�J;8>:NP �ÛJIE,87JIG :IH98>Jp:I8>H9<3P9]`ÚbG ]|a�G ]$G9OgS�ç�8�aR�ÏP9:.J;E$:;8�87a�<?3�8�:;8�]�Ja�8>J;8�wsJ;Pb:N:I8>Hb<gPb]$[G&`JIE,8@Og8"G9a�HbO3Gb[;[Na�8>J;8�wsJ;Pb:�Ú�W$G9:;:I8>Oìw>G9OgPb:;<3Qh8sJI8>:"Ú�G9]$a�JIE,8@W$G9wzy�=FG :zah:;8�H9<3P9]&�,l$[\J;:I8�G QP ��J;E$8@JIG :IH98>J@â-[\8�8���<gHb�,:;8?0$1 B9Lbã�1
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�d]�G9a,a�<gJ;<3P9]�JIPtJIE,8?<3QRl�P9:;JIG9]$ws8@P9��yb8>8>l$<g],HRJIE,8?8>],8�:;HbShJ;E,:I8�[;E,PbO3a&P ��J;E,8?W|G :I:;8�Oìw�G O3P9:I<gQh8>J;8>:�G9]$aJ;E$8�Og8"G9a�H9OeG9[I[�G9[fOgP{= G9[�l�Pb[I[;<gW,O389Ú|<�J7=NGb[N�ÏP9�,]$a�JIE$G{JZJ;E,8�:I8�Gbw�JI<gPb]$[F=�<�JIE+l,E,P9J;P9]|[f8>Q G9]$G{JI<g],HR�Ï:IP9QJ;E$8�W$G :IS9Pb]�a,8�w>G�S�698>:;J;8>Í&E$G�6b8?[\E,P{=�]�JIE$G{J7G9l,l,:IP�Í�<gQ G{JI8>O3Sª2�v9�
P9�xJIE,8�l,E,P9J;Pb]$[�Qh<3[I[Za,8sJ;8"w�JI<gPb]�W�S8><gJ;E$8>:�J;E,8NW$G9:;:I8>O�w>G9OgPb:;<3Qh8sJ;8�:xPb:`JIE,8NOg8"G9a�HbO3Gb[;[�a�8>J;8�wsJ;Pb:�1�DFE,8�[;8.l$E,P JIP9]$[xH9PA�,]$a�8>J;8"w�J;8"a�W�S?8�[Iw>G9l,<3],HP9�,J�J;E,8?�,l|[mJI:;8"G QáE,PbOg8bÚ�=�E,<ewzE�w>P9:I:;8"[\l�P9]|a,[ØJIP 8>Qh<e[;[;<gPb]�G9],H9O38�[NHb:;8"G{J;8�:NJ;E$G9]Ç2b2�� c 1

Barrel Calorimeter
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LGA
LGD

Beam

Backward
     Hole

��<gHb�,:I8@0$1 B9L<&Ä�f],Hb�,OeG :fa�<e[mJI:;<3W,��JI<gPb]YÚ�<3]�a,8>H9:I8>8"[>Ú��Ï:IP9QéJIE,8�ws8�]�J;8>:�P9�`JIE,8@JIG9:;Hb8sJFJ;Ph6{G :I<gPb�$[N:;8>�Ï8>:I8>]$w>8l�P9<3]bJz[>Ú��ÏPb:76{G :I<3P9�$[7[\<3Q��,OeG{JI8�a+:I8�Gbw�JI<gPb]ªwzE$G ],]$8>Oe[>1@D`:zG9wzy�[�QhPb:;8��ÏP9:I=NG9:Ia&J;E|G ]ä2"vlc�QR<e[I[ZJIE,8�W|G :I:;8�Ow>G9OgPb:;<3Qh8sJI8>:�G9]$a)=�<3OgOAE,<gJ�J;E$8ÇÉ9eZfØ1TiN8sJm=N8>8>]¬2"v c G ]$a¬2b2�� c J;E$8^l,E,P9J;Pb]$[�=�<3OgOA8>]�JI8>:�JIE,8^W|G :I:;8�Ow>G9OgPb:;<3Qh8sJI8>:"1�npE,P JIP9]$[Fl,:IP�a��$w>8�a�G{JfG ],HbOg8"[NO3G9:;Hb8>:NJ;E$G9]�2b2��'cAQR<e[I[FW|P9J;E+w>G9OgPb:;<3Qh8sJ;8�:Na,8sJ;8"w�JIP9:z[>Ú,G9]$a],8"ws8�[I[;<�JzG{J;8AJIE,8�wsPb]$[mJI:;�|w�J;<3P9]�P �ÄG ]��,l$[\J;:I8�G9Qá698>J;P a�8>J;8�wsJ;Pb:FJ;P G9wzE,<38>6b87]$8�G :�E$8>:IQR8>J;<ews<gJmS91
��<gHb�,:I8^0,1CB{jßa�<e[;l,O3G�S�[ =�E$8>:I8+J;E,8"[\8�OgP�[mJ&l,E,P JIP9]$[�E,<gJ�J;E$8^l,OeG ],8ÇG{J�JIE,8^�$l$[mJI:;8"G QK8>]$aÐP �?J;E$8[;P9O38>],Pb<3aÛ1 DFE,8ª:I<g],HæG Jª292��'c�<3[�J;E,8ªw>�,:I:;8�]bJ�W|G :I:;8�Ofw>G O3P9:I<3QR8>J;8�:RO3<3QR<gJ�1¬��8�698>:zG O�:I<3],Hb[�G9:;8+[;E,P{=�]
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G{JRP JIE,8>:hG ],HbOg8"[>ÚÄ<3]$a�<ew>G J;<3],HªJIE,8�Hb8>P9Qh8>J;:I<3w�G OpO3Pb[I[;8�[?�Ï:IP9Qµ8"G9wzEY1��d]ßP9:za�8>:�J;PÇa�8sJI8�w�JRJ;E$8�8�[Iw>G9l,<3],HW$Gbwzy�=FG :zaRl,E,P9J;P9]|[.G9]$ahl,:IP{6�<ea�8f]$8�G :IO3StE,8�:;Qh8>J;<ewfl,E,P9J;Pb]�wsP{6b8>:zG H98F<gJN<e[.],8�w>8�[I[;G9:;S�J;P�<3Qhl,O38>Qh8>]�JNG9]kfl|[mJI:;8"G QonpE,P JIP9]�qr8sJ;P�w>P9�,]�JI8>:?â-Êu��æ�ã�1

Events for ∆o→ n πo→ n γγ

11
5
o , 1

0%
 lo

ss
117o, 9% loss

130o, 5% loss

158o, 1% loss

143o, 2.5% loss

��<gHb�,:I8�0$1 B j+&�DFE,8�J;:zG9wzyb8�aäl,E,P JIP9]�<g]�JI8>:z[\8"w�J;<3P9]|[tPb]äJIE,8�Í�c�Säl,O3G9],8+G{J JIE,8+�,l$[\J;:I8�G9Q¨8>]$aùP �AJ;E$8W$G9:;:I8>O`w�G O3P9:I<gQh8>J;8>:"1fDFE,8&292��'c�w><g:zwsO38�<e[�J;E$8t8�]$a+P �ÄJIE,8tW|G :I:;8�O`w>G9OgPb:;<3Qh8sJ;8�:�1�qØG9:;<3P9�|[�P JIE,8>:Al,E,P9J;P9],cO3Pb[I[Fl|8�:Iw>8>]�JIG9H98�[�Ú�G ]$a�J;E$8><3:ZwsPb:;:I8�[;l|Pb]$a�<3],HhG ],HbOg8"[NG9:;8@l,O3P J;J;8"a�Gb[F=.8�OgO�1

����É"%^Ë�'QÝt!|'�É�%L¹x��#{*��"%�!�'�É
DFE,8 Êu�-æÎ<e[AG&O38�G9a�[;w><g]�JI<gO3O3G J;Pb:@[IG Qhl,O3<3],H�6b8sJ;P�w>G9OgPb:;<3Qh8sJI8>:AOgP�w>G J;8"a^a�<3:;8"w�JIOgS+�,l|[mJI:;8"G QñP �pJ;E,8�ö�f�öG ]|a�<3]&l$O3Gbws8@P �xJ;E,8?[;P9O38>],Pb<3a~� [NP9:I<gHb<g]|G O��$8>Oea�cd[\E|G l,<3],HRQR<3:I:;Pb:Nl$O3G J;891Ä�d]�J;E$8@w>�,:I:;8�]bJAÈRÉ�ÊYË�Ì
a�8"[\<3H9]YÚJ;E$<3[@Qh<3:;:IP9:Al,OeG{J;8R<e[@QRP�a�<g�$8"a^W�S+:I8>QhP{6�<g],H�G O3OÄP �ØJIE,8 [\P9��J@<3:IP9]^=�<gJ;E$<g]�J;E,8h<3],],8�:@[;P9O38>]$P9<eaª:zG9a�<3�$[�1DFE,<e[pQhP�a�<g�|w>G J;<3P9] 8§3�8"w�J;<3698�OgSh:I8>QhP{698"[�J;E,87�,l$[\J;:I8�G9Q�Qh<3:;:IP9:Øl$O3G J;8ZO38�G�6�<3],H?P9]$OgS G�[;P ��JN<g:IP9] G ]$]��$Og�$[J;E$8�[;<3ç>8�P �fJIE,8�QhG9H9],8>Jhw>P9<3O3[�1äDFE,<e[RQhP�a,<��|w�G{JI<gPb]äE$Gb[R[;8>6b8>:zG ONW|8�],8s�$JI[�1ù��<g:z[\J�ÚØ<gJ�G O3OgP{=f[��ÏP9:h�,l�c[\J;:I8�G Q¦G9w�ws8�[I[ÄJIP@J;E,8ZJIG :IH98>JØ:;8�H9<3P9]YÚbwsS�Og<3]$a�:I<ew>G O|a�:;<g��J.wzE$G9Q�W�8>:"ÚbG9]$aRJ;E,8Z�,l$[\J;:I8�G Q�8>]$ahP9�ìJ;E,8fW|G :I:;8�Ow>G9OgPb:;<3Qh8sJI8>:"1��+Pb:;8@<3Qhl|Pb:\JzG ]�J;O3S9Ú�<gJZG O3OgP{=f[N�ÏPb:FJ;E,8�Gba,a�<gJ;<3P9]�P �rG ]��,l$[\J;:I8�G9Qál,E,P9J;P9]�698>J;P|1DFE,8�Êu�-æ)<e[?a�8"[\<3H9],8"aªJIP+a�8sJI8�w�J�[;P ��J�l$E,P JIP9]$[AP �F8>]$8>:IH9S^B v�£ Ó{Ô G ]$aÇH9:I8�G J;8�:78�QR8�:;Hb<g]$H��Ï:IP9QJ;E$8�JIG9:;Hb8sJf:I8>Hb<gPb]Y1fDFE,8�w>P9�,]�J;8�:Z<e[ZG9W,Og8�J;P�a,8sJ;8"w�JAQ��,OgJ;<3l,O38�l,E,P9J;Pb]$[f=�<gJ;E+��Gb[mJ@a�8sJI8�wsJ;<3P9]ªG ]|a+=�<�JIEJ;<3Qh<g]$H <g]��ÏPb:;Q G J;<3P9]&J;E$G JfQhG�S�W|8?��JI<gO3<3ç>8�a�G JNJIE,8@J;:I<3H9H98�:FOg8�698>O�1�Z[7[\E$P{=�]�<3]ª��<gHb�,:I8�0,1CB9U,Ú�J;E,8RÊu�-æäw>P9]$[;<3[\JI[fP ��2��hOeG�S98�:I[FP9�F27Û4Ü J;E,<ewzy�[;w><g]�J;<3O3O3G J;P9:7G OgJ;8>:I]$G J;<3],H=�<gJ;Eæ�$:z[\J�2"B�OeG�S98�:I[?v$1g2"�bUqÛ§ÜñJ;E$<3wzyÇOg8"G9aæ[;E,8>8>JI[&â�v,Ñ L90'Ó � 8�G9wzE�ãAJ;E,8�]ß0+OeG�S98>:z[@P �fv$1 L��{väÛ4Ü J;E$<3wzyO38�G9aæ[;E,8�8sJI[&â�v$ÑC�9B)Ó � 8�GbwzE|ã�1ªDFE$<3[ta�8�[;<gHb]æ=NGb[�[;<gQt�,OeG{J;8"aà�$[;<g],HªJ;E,8�V�6p��g7D
jªl$Gbwzy�G9H98hJIP^[mJI�$a�SJ;E$8R8>Í�l|8"w�J;8"aÇl|8�:\�ÏPb:;Q G ]|ws8RP �pJIE,8 kZnpqáw>G O3P9:I<3QR8>J;8�:�1�DFE$8�[mJI�$a�Sª�$[;8�[?G&l,E,P9J;Pb]�W�8�G9Q P �N6�G9:;<3P9�|[8>]$8>:IH9<38�[A<g]|ws<ea�8>]�J?],P9:IQ G OÄJIP&JIE,8 a�8sJI8�wsJ;P9:@��Gbws8b1hDFE$8R:I8�[;�,OgJI[�Ú`[;�,QhQhG9:;<3ç>8"aª<3]æ�x<3H9�$:;8h0,1CB 0$ÚÛ<gHb],P9:I8Ù��$G ]�JI�,Qá�$�|w�J;�|G{J;<3P9]|[�G ]$a&8sÍ�l,:I8�[I[�G ]�P9l�JI<gQ G9OY:;8"[\PbOg�,J;<3P9]�P9��çÍ ½ Ul� Á Ú2èÀ Í�éjê }�ë ì 16pGbwzE�[;w><g]�JI<gO3O3G J;Pb:.OeG�S98�:Nw>P9]$[;<3[\JI[.P ��[\8�698>]&L j�Û§Ü��pB L9��Û4Ü¦l$G9a$a�Og8"[.�ÏP9:IQR<3],HRG�l,OeG ]$891rDFE,8@ws8>]�JI:IG9Ol$Gba,a�O38�E$G9[ZG+2�v�Û§ÜoE$P9O38?J;P�G9OgO3P{=}�ÏPb:fJIE,8�l$Gb[;[IG Hb8AP9�ÄJ;E,8�W�8�G9Q�1FDFE$8�843ì8�wsJ;<3698�G9:;8"GtP9�r8�G9wzE�l,OeG ]$8<e[�G l,l,:IP�Í�<gQ G J;8>O3S�B Lb��Û4Ü��pB9L9��Û§Ü�1xDFE,8AJ;P9JIG9OYwsP9�$]bJI8>:NJ;E$<3wzy�],8"[;[F<e[�B9B�1 j�Û§ÜéP9:f�$Ñ �$2§Ó � 1ØDFE,8@O3G�Sb8>:z[G :I8hG :I:IG9],H98"a+<g]�JIP�J;E,:I8>8 G OgJ;8�:;]|G{J;<3],H�P9:I<g8�]�JIG{JI<gPb]$[G&�íbÚzç�Ú`G9]$aïîæâ��7j�Ulc{Úx:;8"[\l�8�wsJ;<3698>O3S,ãAG9[@[\E$P{=�]�<3]��<gHb�,:I8@0$1 BbU�1DFE,8�[Iws<3]�J;<3OgOeG{JI<gPb]ßO3<gHbEbJhwsPbOgO38�wsJ;<3P9]æ<e[�:I8�G O3<3ç>8�aæG JtPb],8�8�]$aæP ��8"G9wzEæl$Gba,a�O38�P9]$OgSb1�DFE,8�Pbl,l�Pb[;<�JI88>]|aª<e[Aw>PbG J;8�a^=�<�JIE�G9]^P9l|G9Ù��,8�Q G J;8>:I<eG O�J;P&8>O3<gQh<3]$G{JI8R:I8s�|8�w�JI<gPb]$[�1@�$P9:@8�GbwzEªP9:I<38>]�JIG J;<3P9]YÚ�J;E$8tO3<gHbE�J
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22.4 cm

lead

��<gHb�,:I8h0$1 BbU=&ADFE,8 Og8>��J\c�E$G ]|aª�$Hb�,:I8R<e[?G�[\yb8sJzwzE^P �FG+Êu�-æÐ[;8>H9Qh8�]bJ"1RDFE$8�2"��[;w><g]�J;<3O3O3G J;P9:@OeG�S98�:I[AG :I8G :I:zG ],Hb8�a�<3]�J;P�L G9O�JI8>:I]$G{JI<g]$HRPb:;<38>]�JzG{J;<3P9]|[§&eíbÚuç�Ú�G ]$asî"1F��E,P{=�]�<3[fJ;E,8�O3<3H9E�JZwsPbOgO38�wsJ;<3P9]��ÏP9:fPb],8�[;�$wzEP9:I<38>]�JIG J;<3P9]Y1 DFE,8 O3<gHbE�J\cdwsP9O3O38�w�JI<g]$H&8�]$a,[?P9�pJ;E$8�[;w><g]�JI<gO3O3G J;Pb:I[@G :I8�(mP9<3],8�a^J;PbH98>J;E,8�:?6�<eG�G�=NG�6b8>O38>],H9J;E[;E,<���JI8>:t=�E,<3wzEæ<e[tP9:I<g8�]bJI8�aÇl�8>:Il|8�]$a�<ews�,OeG :�J;P+JIE,8�[Iws<3]bJI<gO3OeG{J;Pb:I[�1+DFE,8�=FG�698�Og8�],H JIEà[;E,<g��J;8�:�<e[��$[;8�aÇJIP:I8�a�<3:;8"w�J�J;E,8�O3<3H9E�JÄJ;E,:IP9�,HbEt�bv c G ]$atP9�,J�JIE,8��,l$[\J;:I8�G9Q¬8>]$atP �|J;E,8f[;P9O38>]$P9<ea?J;PD�<���ì[>1ÄDFE,8F:;<3H9E�J;c�E$G9]$a�$Hb�,:;8@<e[�Gh[\yb8sJIwzE&P �rG ]��,l$[\J;:I8�G9Qél,E,P JIP9]�698>J;PhwsPb�,]�J;8>:�Pb:;<38>]�JzG{J;<3P9]`1�DFE,8?OeG�S98�:I[NG :I8@G :I:IG9],H98"a <g]�JIPJ;E$:;8�8@G9O�JI8>:I]$G{JI<g]$HRPb:;<38>]�JzG{J;<3P9]|[§&{í�698�:\JI<3w�G O�Ú~ç Á j�U'cAG9]$a@îÅ��j�U'cAOeG�S98�:I[�1

��<gHb�,:I8�0$1 B90<&���<gQt�,O3G J;<3P9]��$[;<g],H�J;E$8^V�6p��g7DájÇl$G9wzy{G9H98�JIPæ[mJI�$a�SæJIE,8�8sÍ�l|8"w�JI8�aùl|8�:\�ÏPb:;Q G ]|ws8�P �J;E$8&kZnpq w�G O3P9:I<gQh8sJI8>:"1^DFE,8�[mJI�$a�Sà�$[;8�[�G^l,E,P9J;P9]äW|8"G QµP �f6{G :I<3P9�$[?8�],8>:IH9<38�[�<g]|ws<ea�8>]�Jt]$P9:IQhG9OØJIPJ;E$8�a�8sJI8�wsJ;P9:f��G9ws8b1�DFE,8?:;8"[\�$O�Jz[>Ú|<gHb],P9:I<g]$HhÙ��$G9]�J;�,Q �$�$wsJ;�$G J;<3P9]$[�Ú$8>Í�l$:;8"[;[�G9]+P9l�JI<gQ G O`:;8"[\PbOg��JI<gPb]�P �çÍ ½ Ul� Á Ú2èÀ Í{éjê }�ë ì 1
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wsPbOgO38�wsJ;<3],H�8>]$a$[?P �NJ;E,8�[Iws<3]�J;<3OgOeG{JIP9:z[@G :I8�(mPb<g]ÇJIP9H98>J;E,8�:?6�<3G�G�=NG�6b8>O38>],H9J;Eà[\E$<���JI8>:?=�E,<ewzEà<3[?Pb:;<38>]�JI8�al�8>:Il|8�]$a�<ews�,OeG :7J;P&J;E,8h[Iws<3]bJI<gO3OeG{J;Pb:I[�17DFE$8t=FG�698�Og8�],H JIEª[\E,<g��J;8�:7<e[A�$[;8�a�JIP&:I8�a�<3:I8�w�JZJ;E,8ROg<3H9E�JAJ;E,:IP9�$H9E�9v c G ]$a�Pb��J�J;E,8��,l$[\J;:I8�G Qo8>]$a�P ��J;E$8�[\PbOg8�],P9<ea�J;P l,E,P9J;P9c�Qt�,O�JI<gl$Og<38>:z[NJ;�,W�8�[�â�np�^Dfã�1«6.G9wzE�np�ªD}<3[l,:IP JI8�w�JI8�a��Ï:;PbQoG ]�S �Ï:I<3],H98@Q G Hb],8sJI<3wA�$8�O3a&=�<gJ;Eª[;P ��Jf[mJI8>8�O`w>Gb[\<3],HhG ]$a�Q��,c�Qh8sJzG OY[;E,<38>OeaÛ1
½ ¾�ð Béö�ø?Ãrú�Â0ñóòýø?Ã�ûÄÅ;ôqCsÂKõäÃrø¼ô�õ&Å;ö�ú
DFE,8ª[;S�[mJI8>QKP �AJ;:zG9wzy�<g]$HàwzE|G Q�W�8>:z[h<3]ÎJ;E,8àÈRÉ�ÊYË�Ì÷a�8sJI8�w�JIP9:�Qt�$[\J�wsP{698�:�G9[ w>OgP�[\8�JIPßGàj9å [\PbOg<eaG ]$H9O38hGb[?l�Pb[I[\<3W,O38 P{698>:�G�=�<ea�8 :zG ],Hb8hP �Fl$G :;J;<ewsO38 QhP9Qh8>]�JIG+G9]$aÇQ��$[\J�E$G�6b8h[;��è�ws<38>]�J�QhPbQR8�]�J;�,Q:I8�[;P9O3��J;<3P9]�J;P+W�8�G W$Og8hJIP+<3a�8�]�J;<g�ÏS�Qh<e[;[;<g]$H+l$G :;J;<ewsO38�[�1��fO3OØJI:IGbwzy�<g],H�a�8�6�<ews8"[�G :I8hOgP�w�G{J;8"aÇ<g]$[;<ea�8 J;E$8W$G9:;:I8>O`w�G O3P9:I<gQh8>J;8>:�=�E$<3wzEª<e[f<3]�J;�$:;]+<3]$[;<3a�8�J;E,8hB�1CB{jØ÷}[\PbOg8�],P9<eaÛ1�DFE,8�W|G :I:;8�O`w>G9OgPb:;<3Qh8sJ;8�:fa�8s�|],8�[7GQ G{Í�<3Q��,Q�y98>8�l�ó�Pb��JØ:zG9a�<3�$[rP9�ìG9W|Pb��J.0bU�Û4Ü�1ÄDFE,8�l,E�S�[\<ew>G9O,:IGba�<3�$[rP �YG9OgO$wzE|G Q�W�8>:z[ÄE$Gb[rW|8�8>] O3<gQh<gJ;8"aJ;PàU ��Û§Ü�1�DFE,<e[Rl,:IP{6�<ea�8"[�0�Û§ÜµP �Z[;l$G9w>8 �ÏP9:h[\�$l,l|Pb:\JhG ]$aß<g]$[\JIG9OgOeG{JI<gPb]ß:zG <3O3[�ÚrG ]$aùw>G W$Og8"[�G ]|aæHbGb[�Ï8>8"a,[@�ÏPb:?J;E,8h�ÏPb:;=FG :zaÇwzE$G QtW|8�:?l$G9wzy{G Hb8�[�1h�d]�JIE,8 �ÏPb:;=FG :zaª:I8>Hb<gPb]YÚÛJ;E$8�wzE$G QtW|8�:I[@]$8>8�a�JIP+8sÍ�J;8�]$aG9[ZwsO3Pb[;8@J;PhJ;E$8�W�8�G Q Og<3],8�Gb[�l�Pb[I[\<3W,O3891N�d]�J;E,8�<3],<gJ;<eG O�a�8sJI8�w�JIP9:Za,8�[;<gHb]YÚ,JIE,8>:I8?<3[Z],P 698�:\JI8sÍ�wzE$G QtW|8�:G :IP9�$]$a&J;E,8�O3<eÙb�$<3a�E�S�a�:IP9H98�]�JIG :IH98>J�1F�¬l�Pb[I[\<3W,O38��,l,Hb:IGba�8AJ;P JIE,8t[;S�[mJI8>Qo=NP9�$O3a�W�8?J;E$8�G9a,a,<�JI<gPb]+P �Gªa�8�6�<3w>8�=�E,<ewzEäwsPb�,O3aæGbwzE,<38>698�[;�,W�cz2�vbvý�UÜ :I8�[;P9O3��JI<gPb]Y1+qr8>:ISÇGbw>w>�,:IG J;8 6b8>:;J;8sÍà<3]��ÏP9:IQ G{J;<3P9]Ç�Ï:IP9Q[;�$wzE�G�a,8>6�<3w>87w>P9�,Oea W�87<3Qhl|Pb:\JzG ]�J.<3]�<ea�8>]�JI<��ÏS�<3],HR[;8�w>P9]$a$G :IS�698�:\JI8sÍ�8�[Ø�Ï:;PbQéa�8�w�G�S�<3],Htl$G :;J;<ewsO38�[7âÏ891 H$1ø Õ Ú�ùZÚzú7ÚÛÑ>Ñ�Ñ ãs1r�d]�J;E$87�ÏPb:;=FG :zah:I8>H9<3P9]`Úb<gJN<e[N<gQhl�P9:;JIG9]bJNJ;PRW�8AG9W,Og87J;Pt:;8"wsPb]$[mJI:;�|w�Jp��Gb[mJ"Ú,[\Q G9OgOgc�G9],H9O38l$G9:\JI<3w>Og8"[&â-a�P{=�]ßJIP�],8"G :IOgSæv�c�ãs1ß�x<3]$G9OgO3S9ÚrJIE,8>:I8�<3[hG^[;Q G O3OFE,P9O38&<3]ßJIE,8�l$G :;J;<ewsO38&<ea�8�]bJI<���w>G{JI<gPb]ß�ÏPb:l$G9:\JI<3w>Og8"[NJ;E$G J7[\l$<g:zG OYG9]$a�a�P ],P Jf:I8�GbwzE�JIE,8?W$G9:;:I8>OYw�G O3P9:I<gQh8sJI8>:"1r��Jf<3[f],8�w>8�[I[;G9:;S JIE$G{Jf<3]�J;E$8�ws8>]�JI:IG9O:I8>H9<3P9]`ÚYJ;E$8 J;:zG9wzy�<3],H+[\E,Pb�,Oea�E|G�698 [\�,è w><g8�]�J�÷ ¼ Õ)÷lûß<g],�ÏP9:IQhG J;<3P9]�J;P^G9<3aÇ<3]àJ;E,8&[\8�l$G :zG{JI<gPb]^P ��åU� [>Úø � [NG ]$at¨Z� [.�$l�J;PRQhP9Qh8>]�JzG�P9�xG W�P9��J�v,Ñ j�U�Ò?Ó�ÔNÕ{Ö0û G�:I8>H9<3Qh8Z=�E,8�:;8�÷ ¼ Õ)÷lû�QR8"G9[;�,:I8>Qh8>]�JI[.=NP9:Iy8sÍ�JI:;8�QR8�OgS�=.8�OgO�1
I�J,Ý�JNM VQWZY9[�\�] x/R�]�Y9[Nv�Wuy<T�}<[�R�]�Y
�d]�Pb:Ia,8>:ØJIPRGbwzE,<38>698ZJ;E,8@a�8"[\<3:;8"a H9P�G Oe[Ø<3]�JIE,8�ÈhÉbÊYË,Ì JI:IGbwzy�<3],H|Ú9JIE,8A_x�7�,��a�8sJI8�wsJ;P9:¯� L��G�Ya�8"[\<3H9]�=NGb[�$[;8�a?Gb[YP9�$:`[mJzG :;J;<3],Hfl�P9<3]�J�1xDFE$<3[xa�8>6�<ews8Ø�$[;8�a�[\8�698>:zG O a,<_3ì8>:I8>]�J`JI:IGbwzy�<g],HF8�Og8�QR8�]�JI[x8�G9wzE@Pbl�J;<3Qh<gç�8�a@�ÏPb:GAl$G :;J;<ews�$O3G9:r:;8�H9<3P9]�<3]RJ;E,8fa,8sJ;8"w�JIP9:"1���<3H9�,:I8�0,1CBb�7[\E$P{=f[`JIE,8@ÈRÉ�ÊYË�ÌýJI:IGbwzy�<3],HA:;8�H9<3P9]$[�1����,:;:IP9�$]$a�<3],HJ;E$8^JzG :IH98sJ&<3[�Gäw>S�Og<3]$a�:I<3w�G OA[mJI:IG�=Fc�J;�,W�8�a,:;<g��J�wzE|G Q�W�8>:àâÚö�f�ö|ã�=�E,<ewzEÐl,:IP{6�<3a�8"[�6b8>:ISùHbP�P�aýü'� �G ]|aßH9P�P�aÁ�Ç:I8�[;P9O3��J;<3P9]`1æ�d]�Gba,a�<gJ;<3P9]YÚ.<�Jh<3[h]$8�ws8"[;[IG :IS��ÏP9:RJ;E,<e[ a�8>J;8�wsJ;Pb:tJIP�l$:;P{6�<ea�8�[;P9Qh8i÷ ¼ Õ)÷lû<3]��ÏP9:IQ G{J;<3P9]`1��d]&J;E$8@�ÏP9:I=NG9:Ia :I8>Hb<gPb]YÚ�:IP9�,]$a�l,OeG ]$G9:Fa,:;<g��JZwzE$G QtW|8�:I[@âÚò�f�ö�ãN=�<gO3OÛW|8�G9:;:zG ]$H98�a�<g]&�ÏP9�,:<ea�8>]�J;<ew>G9O`JI:IGbwzy�<g],H l|G9wzy{G Hb8�[�1fDFE,8>:I8�G :I8�[\J;<3OgO�W$Gbwzy�Hb:;Pb�,]$a�[\J;�$a�<38�[7�,]$a,8>:I=NG�S�J;P&a,8sJ;8�:;Qh<3],8�8>Í,G9w�JIOgSE,P{=éJIPàE$G ]$a,Og8�JIE,8�W|8"G QRc�O3<3],8�:;8�H9<3P9]Y1)47],8�P9l�JI<gPb]ù<e[RJ;PàE$G�6b8�JIE,8+wzE$G QtW|8�:I[Rl,E�S�[\<ew>G9OgO3Sà�$O3O�J;E$8[;l$G9w>89Ú�W,��JFJ;Pha�8�Gba�8>]�J;E,8@G9wsJ;<3698Z8�Og8�Qh8>]�JI[.J;E|G{J�G :I8Z<3]�J;E$87W�8�G9QéOg<3],891rDFE,<e[FwsPb�,O3a�W|8@G9w�wsPbQRl$Og<e[\E$8�aW�Sªl,OeG9w><g],H+��JmS�:IP �ÏPbG9Q G :IP9�,]|a+J;E$8>Q�1 �f]æG OgJ;8�:;]$G J;<3698R=.Pb�,Oea^W�8RJ;P+G9a,aÇ[;QhG9OgOØ[;�,l,l�P9:;J�[mJI:;�|w�J;�$:;8"[G :IP9�$]$a�J;E$8RW�8�G9QñE,P9O38hG ]$a^l,E�S�[;<ew>G O3O3S+:;8�QRP{6b8�G O3OÄQ G{J;8�:;<eG O�1�DFE,8t�$]$G9OØa�8�w><3[;<gPb]ª=�<3OgOrW�8hW$G9[;8�a+Pb]J;E$8A:I8�[;�,OgJI[NP ��W$G9wzy�Hb:;Pb�,]$a�[\J;�$a,<g8"[>1r� [\�$QRQ G9:;S P9�`J;E$87JI:IGbwzy�<g],HRwzE$G QtW|8�:Fl$G :zG Qh8sJI8>:z[.G9:;8AH9<3698�]�<3]D�G W,O38?0,1 j$1 þ ÿ�������� 
	��

��� � ����������� 
 ������� � � � ���ü���� � ü��� "! �#�Øî3ï ���� $! º � �&% º wö�f�ö 2"L,Ñ v�Û§Ü U9�,Ñ v�Û§Ü 2�vþÛ4Ü B,2�výÛ4Ü 2"U9v��UÜ 29ÑCUXÜ#Üò�f�ö L$Ñ UýÛ§Ü U9�,Ñ v�Û§Ü B Lbv�Û§Ü j�v9výÛ4Ü 2"U9v��UÜ �,Í�8�a
D�G W,O38Z0,1 j+&��Ð[;�,QhQhG9:;StP �ìJ;E$8fJ;:zG9wzy�<3],H?wzE$G QtW|8�:Øl$G9:IG9QR8>J;8�:I[�1xDFE,8���6{G O3�,8�[Ø�,]$a�8�: ����������� <g]|a�<3w�G{JI8J;E$8t[;QhG9OgO38�[\J7G9]$a�O3G9:;Hb8�[\J$��P9��JIE,8tw>P9QtW,<g]$8�a+[;S�[\J;8�Q�1fDFE,8»��Pb:;<3H9<3]�<3[AG{JZJ;E,8t�,l$[\J;:I8�G Q·8>]|a�P �rJ;E$8Q G Hb],8sJ"1hDFE$8º�&:I8�[;P9O3��JI<gPb]^�ÏPb:@J;E,8¢ö�f�öæwsP9Qh8"[A�Ï:;PbQ �A0lch[\J;8�:;8�P&OeG�S98�:I[�1RDFE$8���:I8�[;P9O3��JI<gPb]^P �NJ;E$8l,OeG ]$G9:fwzE$G QtW|8�:I[N<e[�G9[I[\�$QR8"a�JIP W|8?Hb<g6b8>]�W�S J;E,8�<g:Zl|P�[\<gJ;<3P9]�<g]+[;l$G9w>891

DFE,8ÇwzE$G :IH98"a�c�l|G :;J;<ewsO38ª[\S�[\J;8>Q�=�<gJ;E$<g]}J;E,8à[\PbOg8�],P9<ea)Qt�$[mJ�W|8ÇP9l,J;<3QR<3ç>8"a)�ÏPb:&W�P JIE}P{698�:IG9OgOAG9wscws8�l�JIG9]$ws8 G9]$a^QhPbQR8�]�J;�,Q�:;8"[\PbOg��JI<gPb]Y1h�¦a,8sJIG9<gO38�aà[\J;�$a,Sª�$[;<g],H�JIE,8('*)�3Zí)éµêf�Ï:zG Qh8>=NP9:Iy+E$G9[@W�8>8�]l�8>:;�ÏP9:IQR8"a�J;P�8sÍ,G Qh<3],8�JIE,<3[#� L9����1ADFE$8�:I8�[;�,O�Jz[fP9�rJ;E,<e[7[\J;�|a�S+<g]|a�<3w�G{JI8�J;E|G{JZJIE,8tG9W|P{6b8�wsPbQ�W,<3]$G J;<3P9]
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CDC

FD
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γ
beam

4m

39433828223021717

Barrel Calorimeter

18 14 11.5 9.5
o o o o

target

��<gHb�,:I8�0,1CBb�9&RDFE,8+ÈRÉ�ÊYË�Ìòa�8sJI8�w�JIP9:"1+DFE,8 J;:zG9wzy�<3],H+<e[�wsPbQhl|P�[\8"a�P9�FJm=.Pª8�Og8�Qh8>]�JI[G&tGª[\J;:zG�=Fc�J;�,W�8wzE$G9Q�W�8>:�w>G9OgO38�a�J;E,8�w>S�O3<3]$a�:I<3w�G OÛa�:I<���JfwzE$G9Q�W�8>:?âÚö�f�ö�ãNG ]|a&w><g:zws�,OeG :IO3Sbcd[;E$G l�8�a l$O3G9]$G :�wzE$G9Q�W�8>:z[Na,8�[\c<3H9]$G J;8�a Gb[ÄJ;E$8f�ÏP9:I=FG :zaRa,:;<g��J.wzE$G9Q�W�8>:z[fâLò9f�ö�ãs1ØDFE,8Z[;QhG9OgO|HbG9l <g]$a,<3w�G{J;8"ah<g]�J;E,8fQh<ea,a�O38ZP9��JIE,8�ò9f�ö$[<e[�a,�,8pJIP7=�<3:I8�[`J;E$G JÄ=�<3O3O�]$P JÄW|8F<3]$[mJI:;�$QR8�]�J;8�aY1`���|W|G9wzy�H9:IP9�,]|a?[mJI�$a�<38�[�Qh8>:I<�J"Ú =.8NwsPb�,O3atG Oe[\PAwsPb]$[\<ea�8�:G�l,E�S�[\<ew>G9OrE,P9O3891�DFE,8�a,<3[\JIG9]$ws8"[@O3G9W|8�Og8"aÇG9OgPb],H&J;E,8 W�P J;J;P9Q�P �NJ;E,8h�|H9�,:I8 G :I8�JIE,8��+wsP�Pb:Ia�<3]$G J;8RP �J;E$8Z�,l$[\J;:I8�G9Q�G9]$a a�P{=�]$[\J;:I8�G9QT8>]|a,[ØP9�ÛJ;E,8�ö�f�öYÚ�G ]|aRJ;E,8Aws8>]�JI8>:ØP9�Y8�G9wzE:ò9f�ö�l$Gbwzy{G H98b1xDFE,87G ],HbOg8"[OeG W�8>O38�a�G9W|P{6b8�J;E,8¯ò9f�ö&l$Gbwzy{G H98"[ØG :I8f�Ï:IP9Q¦JIE,87w>8>]�J;8�:.P9�ÛJ;E,87JIG9:;Hb8sJØJIP�J;E$8Aw>8>]�J;8�:.P9�ÛJ;E,8AP9��JI8>:N8�a�Hb8P ��J;E$8�wzE$G QtW|8�:�1
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G :I8.JIE,8>] PbW�JIG9<g]$8�aR�Ï:IP9Q JIE,8�[;8fG9[u¨0/ å !21 | ½ ¨3+h[\8"w¬��G ]|a�¨�4 ½ ¨,+tJIG9]$�Y1DFE,8�Gbw>ws�$:IGbwsSªP9�.JIE,8¯¨,+ Qh8�Gb[\�,:I8>Qh8�]bJ�<e[�w>P9Qhl,O38sJ;8�OgSÇa�P9Qh<3]$G{JI8�aÇW�SªJIE,8�ü»� � :I8�[;P9O3��J;<3P9]àP �NJ;E$8J;:zG9wzy�<3],H wzE$G QtW|8�:I[�Ú$=�E$<gO38?J;E$8*�+Qh8�Gb[\�$:;8�QR8�]�Jf:;8�Og<38�[ZP9]+G ]ªGbw>ws�$:IG J;8?Qh8�Gb[\�,:I8>Qh8�]bJfP9�rW|P9J;E¾��G9]$aJ;E$8�a�<3[\JIG9]$ws8AJI:IG�6b8>O38�aÛ1
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��<gHb�,:I8�0,1CB �<&tDFE,8�:I8�[;P9O3��J;<3P9]æG9[tG��Ï�,]$wsJ;<3P9]ßP9�FG9],H9O38 <3[�l,O3P J\JI8�aà�ÏPb:�[;8>698�:IG9OÄJ;P9JIG O.QhP9Qh8>]�JIG$1�DFE$8l,O3P Jz[�wsP9:I:I8�[;l|Pb]$a JIPtJIE,8�a�8>J;8�wsJ;Pb:fa�8�[;<gHb]�[;E,P{=�]&<g]+��<gHb�,:I8@0$1 B���1Ä�,Pb:�l|PbO3G9:FG9],H9O38�[FOeG :IH98�:pJIE$G ]^� vlc{ÚJ;E$8ZQ G{Í�<3Q��,Q
a�8sJI8�wsJ;8�a�QRPbQh8>]�J;�,Q
=�<3OgO�W�8Z=N8>O3O$�,]$a,8>:A2�Ò?Ó{Ô.Õ Ö�[;P�8�698>]hJIE,P9�$H9EhJ;E$8Z:I8�[;P9O3��J;<3P9]h�ÏPb:E,<3H9E�c�QhP9Qh8>]�JI�,Q·J;:zG9wzy�[f<e[Al|P�P9:7<g]^J;E,<e[AO3G9:;Hb8scdG ],HbOg8?:I8>Hb<gPb]YÚ�<�J@=�<gO3O�],P J?G)3ì8�wsJZJ;E$8tP{6b8>:zG O3OYJ;:zG9wzy�<3],HP �Äl,E�S�[\<ew>[N8�698>]�Jz[>1
I�J,Ý�JLm n#y<T�5�687üW95ªR�]�Y'}=y�:	5�}<[�R�]
Dx:IGbwzy+:;8"wsP9]|[mJI:;�$wsJ;<3P9]ª8§3�8"w�Jz[@l,O3G�SªG�6b8>:IS+<gQhl�P9:;JIG ]�J@:;PbOg8R<3]�JIE,8 a�8�[;<3H9]^P9�pJIE,8�wsPbQ�W,<3],8�a�[\S�[\J;8�Q�1�d]æl$G9:\JI<3w>�,O3G9:�Ú`J;:zG9wzy�QhG JIwzE,<3],H+W�8sJm=N8>8�]ßa�<_3ì8>:I8>]�Jta,8sJ;8"w�JIP9:z[�G ]$aÇJIE,8�Gb[;[;P�ws<eG{J;8"a^<3]�J;8�:mó�w>G O3<3W,:IG J;<3P9]l,:IP9W,O38>Q [@P9��J;8>]æO3<3QR<gJ?J;E$8��,OgJ;<3QhG J;8 :I8�[;P9O3��J;<3P9]`1��d]æG9a,a�<gJ;<3P9]`ÚYJ;E$8�E,<3H9EàQ G H9]$8sJ;<ewt�$8>Oeaà[mJI:;8�],H JIEàP �B9B,1 j´���¬Qh8�G9]$[�JIE$G{JZJ;:zG9wzy�[�Q G�S�[;l,<3:IG9Ox[;<gHb],<g�|w>G9]bJZa,<3[\JIG9]$ws8"[fW�8sJm=N8>8>]+Qh8"G9[;�,:;8�Qh8>]�JZl,OeG ],8"[f<3]+J;E$8�ÏP9:I=FG :za+a�<g:I8�wsJ;<3P9]Y1�DFE$<3[AQh8�G9]$[fJIE$G{J@P9]$8t=NP9�,Oea+O3<gyb8RGb[ZQt�$wzE^<3]��ÏPb:;Q G{JI<gPb]^G9[Al�Pb[I[\<3W,O38��Ï:IP9Qñ8"G9wzEQh8�Gb[\�,:I8�aäE,<gJ�<g]ùJ;E,8ªa,8sJ;8"w�JIP9:"1)4ZJIE,8>:�w>P9Qhl,O3<3w�G{J;<3],HÇ<3[I[;�,8�[ G9:;8&J;E$G J J;E,8�Q G Hb],8sJI<3w&�$8�O3aù<e[ ],P9],c�,],<g�ÏP9:IQ ],8�G9:@J;E,8�8�]$a,[�P �FJ;E,8�QhG9H9],8>J�ÚÄG ]$aÇ<3]àJ;E,8�:;8�H9<3P9]ÇW|8>Jm=.8�8>]àJ;E$8�8>]$aàP9�.JIE,8�[;P9O38>],Pb<3aàG9]$aJ;E$8��ÏP9:I=FG :za�w�G O3P9:I<gQh8>J;8>:"1FÿfP{=N8>698�:�Ú$l$G :;J;<ewsO38�<ea�8>]�J;<g�|w�G{J;<3P9]+=�<3O3Ox:I8�Ù��,<3:;8?l$:;P'(m8�w�JI<g]$H�wzE$G :IH98"a&J;:zG9wzy�[�ÏP9:I=FG :za�J;E,:IP9�,HbE+J;E$<3[A],Pb]�c��$],<��ÏPb:;Q·�$8�O3a^:;8�H9<3P9]Y1@Dx:IGbwzy�<3],H�]$8�G :7J;E$8t8�]$aªP9�ØJ;E,8h[;P9O38>],Pb<3a+]$8>8�a$[fJIPW�8�G9[FH9P�P�a�G9[Fl�Pb[I[\<3W,O3891�f]Î8>Í�G9Qhl,Og8ª[;E,P{=�<3],HÇJ;E,8ªJmS�l$<3w�G OfwzE$G9:;Hb8�aùl$G :;J;<ewsO38�QRPbQh8>]�J;�,Q¤J;E|G{J�],8�8�a,[hJIPæW|8^QR8"G9[;�,:I8�awsPbQh8�[.�Ï:;PbQé:;8"G9wsJ;<3P9]�0$1 �$1ÄDFE$<3[.�$]$G9OÛ[mJzG{J;8@wsPb]$[;<3[\J;<3],HR8>]�J;<3:;8�OgS P9�xwzE$G9:;Hb8�a l$G9:\JI<3w>Og8"[p<e[N��G <3:IOgShJmS�l,<ew>G9OP ��J;E$8@JmS�l$<3w�G OÛ8sÍ�P9J;<ew�c�E�S�W,:I<ea�wzE$G9],],8>OìJIE$G{Jf=�<3O3OYW|8�[\J;�|a�<g8"aÛ1¤�¨¢©°� F âm2"�9vbvbã ¨�© å ´ å � å ´ å � ¨ â�0$1 ��ã
DFE,8h8sÍ�P9J;<ewt[;l,<3]�c�Pb],8t� F â\2��9vbvbãf<3[Al,:IP�a��$ws8"a^=�<gJ;EàG&QhGb[;[7P �A29Ñ �&Ò?Ó{ÔNÕ{Ös×RG ]$aÇG�JmS�l$<3w�G OÄëZa�<e[mJI:;<3W,��cJ;<3P9]`1�DFE,8N<3]$ws<ea�8>]�JÄl,E,P9J;P9]t8>],8�:;HbS@<3[Ä�AÒ?Ó�ÔNÕ{Ös×91���<3H9�,:I8.0$1 B9�Z[;E,P{=f[`J;E,8NJ;:zG ]|[\6b8>:z[\8pG9]$a?O3P9],Hb<�JI�$a�<3]$G OwsPbQhl|Pb],8>]�JI[7P �ØQhPbQR8�]�J;�,Q·�Ï:IP9Q·J;E,8RåU� [Z<3]ªJIE,<3[7:I8�G9wsJ;<3P9]+=�E,<3O38R��<3H9�,:I8�0,1 L9v�[\E,P{=f[fJ;E,8h[IG Qh8�a�<e[mcJ;:I<3W,��J;<3P9]|[F�ÏP9:FJIE,8?l,:IP J;Pb]$[�1�,:IP9QáJ;E,8@Jm=NP [\8>JI[�P9��l,O3P Jz[>Ú|[\8�698>:zG Oì<3Qhl|Pb:\JzG ]�J��Ï8�G J;�,:I8�[�w�G ]�W|8�[;8>8�]Y1pDFE,8�wzE|G :IH98�a�l,<3P9]$[N�Ï:IP9QJ;E$8&a�8"w>G�S^P9�FJ;E,8&QR8"[\Pb]æ[\S�[\J;8>QµG :I8 ��G9<g:IOgS^�ÏP9:I=NG9:IaÇl�8�G9y98�aY1ª47]|ws8:` - <3[�O3G9:;Hb8>:@JIE$G ]äG9W|Pb��J�j�v c ÚJ;E$8>:I8�G :I8hG9OgQhP�[mJ?],P+l,<3P9]|[?=�<�JIEæG�QRPbQh8>]�J;�,Q�O3G9:;Hb8>:AJ;E|G ]ßG W�P9�,J�2hÒ?Ó{ÔNÕ{Ö{1��Za,a�<gJ;<3P9]|G O3OgSbÚYJ;E$8>:I8G :I8 G O3QhPb[\J@]$P�l$<gPb]$[@=�<�JIE�`�OeG :IH98�:AJ;E$G9]�2"v9v�c{1�DFE,8hl,:IP JIP9]$[?G9OgQhPb[\J�G O3OÄ��G O3OØ=�<gJ;E,<3],H�J;E$8�G ],Hb�,O3G9::zG ],Hb8ZP �rB v�cfJIP 09vlcAa�8�H9:I8>8"[>1ÄDFE,<e[F<3[FG O3QhPb[\JN8�]�J;<3:;8�OgS�w>P{698�:;8"ahW�S�J;E,8tö�f�ö`1Ø�ªG9]�S P9�YJ;E$8�[;8Al$:;P9J;P9]|[=�<3OgO�],8>8"ahJ;PtW|87<3a,8>]�J;<g�$8�a�W�St8�<�JIE,8>:.J;<3Qh8sc�P ��c��$<gHbE�JØ�ÏP9:.J;E,8�õ�ö d É�P9:.�$[;<g],HRa<678 a�Íh<g] JIE,8�ö�f�öY1ØVAP�P�aJ;:zG9wzy�<3],H :I8�[;P9O3��J;<3P9]��ÏP9:7E,<3H9E�ó�QRPbQh8>]�J;�,Q l$G :;J;<ewsO38�[Z<g]�JIE,8�W|G9wzy�=NG9:Ia�G ]$H9O38�:;8�H9<3P9]�<e[f],P9JZ:;8"Ù��,<g:I8�aYÚ
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[;P J;E,8R:zG l,<ea+a�8>Hb:IGba,G{JI<gPb]�P �ØQhP9Qh8>]�JI�,Qñ:;8"[\PbOg�,J;<3P9]��ÏP9:ZJ;E,8"[\8tO3G9:;Hb8�G ]$H9O38�[ZGb[Z[;8>8�]ª<g]��x<3H9�$:;8�0$1 B9�<e[F],P JZGR:I8�G Oì<e[;[;�,8A�ÏP9:FJIE,8�a�8>J;8�wsJ;Pb:G� [FP{698�:IG9OgO�l|8�:\�ÏPb:;Q G9]$ws8b1��d]+Gba,a�<gJ;<3P9]YÚ�QhPb[\J�8>6b8>]�JI[FE$G�6b8AG J�Og8"G9[\JP9]$8?l$G :;J;<ewsO38?QhP{6�<3],H <3]�J;E,8��ÏP9:I=NG9:Ia�a�<3:;8"w�J;<3P9]+G JZE,<3H9E�QhP9Qh8>]�J;�$Q�1�DFE,8�QRPbQh8>]�J;�,Q·698�:I[;�$[�G9],H9O38�ÏP9:�G9OgOÛl$G9:\JI<3w>Og8"[N<g]�8�GbwzE�8�698>]�JF<3[�a,<3[;l,OeG�S98�a�<g]���<gHb�,:I8@0$1 B9�,1rVAP�P�a�J;:zG9wzy�<3],HR=�<gO3OÛW|8@],8�8�a�8"a�G9[FwsO3Pb[;8J;PRJIE,8?W|8"G Q Og<3],8�G9[Fl�Pb[I[;<gW,O389Ú�E$P9l�8s�Ï�,O3OgS&8sÍ�J;8�]$a�<3],H�a�P{=�]&J;P�B'c91�f]$P J;E$8>:ÄJ;:zG9wzy�<3],HZ<e[I[\�,8F<e[ÄJ;E|G{JrQ G ]�S�P �|J;E,8fwzE|G :IH98�a�l$G :;J;<ewsO38�[Ä<3]�ÈhÉbÊYË,Ì =�<gO3O�l,:IP�a,�$ws8�[;l,<g:zG O3<3],HJ;:zG9wzy�[.<g]&J;E$8@[;P9O38>]$P9<eaÛ1r�x<3H9�$:;8@0,1 L,2A[\E,P{=f[pJ;E$87¨�6b8>:z[\�$[�`Rl,O3G9],87�ÏP9:NJ;:zG9wzy�[.<g]&J;E,8?[;P9O38>],Pb<3aY1ÄDx:zG9wzy�[=�E,<ewzEÇ��G O3OpG W�P{698tJ;E,8 E�S�l�8>:IW|PbOg<ewhws�,:I698 w>G9],],P9J?[;l,<3:IG9Or<g]ÇJIE,8�U ��Û§Üò:zG9a,<g�$[A:I8>Hb<gPb]Çw>P9]�JIG9<g],<3],H�J;E$8J;:zG9wzy�<3],H�wzE$G9Q�W�8>:z[>1�iN8>O3P{=ýJ;E,8�E�S�l�8>:IW|PbO3G�G9:;8�G�[\8�:;<38�[ZP �ØG l,l$:;P�Í�<3QhG J;8�OgS&E,P9:I<gç�P9]�JIG9OÛOg<3],8"[>1ZDx:zG9wzy�[W�8>O3P{=)J;E,8"[\8@O3<g]$8�[�[;l,<g:zG O�JIE,8@]��$Q�W�8>:FP �xJ;<3QR8"[F<g]|a�<3w�G{JI8�aÛ1ØiFG9[;8�a�P9]�J;E,8�¨�698�:I[;�$[�`Ra�<e[\J;:I<gW,�,J;<3P9]$[F<3]��<gHb�,:I8�[N0,1CB ��G9]$a�0$1 Lbv,Ú�<�J�<e[FwsO38�G :.J;E|G{J�QhPb[\JpJ;:zG9wzy�[NG{J�G ],HbOg8"[pOeG :IH98�:pJIE$G ]�U v c =�<3OgOYG9Og=FG�S�[p[;l,<3:IG9O�G JO38�G9[\J�P9]$w>8@<g]�J;E$8�a�8sJI8�w�JIP9:"1nrG{J;J;8�:;]@:I8�wsPbH9],<gJ;<3P9]?<e[`G9]�<3QRl�P9:;JIG9]�J`l$G :;J`P9��J;:zG9wzyA:;8"wsP9]|[mJI:;�$wsJ;<3P9]?G9[`=.8�OgO�1xDFE$<3[xl,:IP�w>8�[I[Û:I8�Ù��,<3:;8"[�$]$a,<g],H7OgP�w�G Obw>Og�|[mJI8>:z[YP �,E$<�Jz[xG9]$a�G9[I[;P�w><3G J;<3],HFJ;E$8>Q <g]�JIP7[;QhG9OgO9J;:zG9wzy@[\8�H9Qh8>]�Jz[ÛJ;E|G{J�w�G ]?W�8.w>P9Q�W$<g],8"a<3]bJIPhO3G9:;Hb8>:.J;:zG9wzy�[>1��d]�P9:za�8>:.�ÏP9:FJIE,<3[Fl$:;P�ws8"a��,:I8ZJIPt=NP9:Iy =N8>O3O-Ú�<gJ�<3[�a�8"[\<3:zG W,O38fJIPRE|G�698@[\��è�w><g8�]bJ�E,<gJI[<3]�w>OgP�[\8@l,:IP�Í�<gQh<gJmS�[\�$wzE�J;E$G J�J;E,8�S�=�<3OgOYW�8@8�Gb[\<3OgS�Gb[;[;P�ws<eG{JI8�aÛ1p47],8@�$[;8s�Ï�,OYw>P9QhQh8>]�J�P9]&J;E,<e[F<e[;[;�,8@<3[=�E,8�] J;E,8A_`�A�,� 8>Í�l�8>:I<3QR8�]�Jp:IG9] <g]&[\<3Qh<gOeG :FwsPb]$a�<gJ;<3P9]$[�Ú JIE,8>S E$Gba [\8�698�:;8fl|G{J\JI8>:I] :;8"wsPbH9],<gJ;<3P9] <e[;[;�,8"[a��,8tJ;P�JIE,8tOeG :IH98tQ G H9]$8sJ;<ew��$8>OeaÛ1�DFE,8�S+:;8"[\PbOg6b8�a+<gJ?W�S+W,�,<3O3a�<3],H�wzE$G QtW|8�:I[7=�<gJ;EÇW|P9J;EàG ],P�a�8"[7G9]$aw>G J;E,P�a�8"[p=�E$<3wzE&=.8�:;8f:I8�Gba P9�,J�Ú�=�<�JIE�JIE,8Aw�G{JIE,P�a�8�[NG ]$a�G ],P�a�8"[pW�8><3],HhG :I:IG9],H98"aR[;�$wzE JIE$G{JNJ;PbH98>J;E,8�:J;E$8>S l,:IP{6�<3a�8"a�GRL{cda�<gQh8�]$[\<3P9]|G O$l�P9<3]�J�1ØDFE,8tÈRÉ�ÊYË�Ì¦a�8sJI8�wsJ;P9:N<e[pJI:;S�<3],H�JIPtW$�,<gOea&P9] JIE,<3[F8>Í�l|8�:;<38>]$w>8W�S@:;8"G9a�<3],H�P9�,JxW�P J;Etw>G{JIE,P�a�8�[�G ]|a?G ],P�a�8"[Y<3]?J;E,8.�ÏP9:I=FG :zaAa,<g:I8�wsJ;<3P9]Y1xþ�8NG :I8pG Oe[\P�l$O3G9],],<3],HZl$Gbwzy{G H98"[J;E|G{J�wsPb]$[\<e[\JAP9�N[;<�Í^w>OgP�[\8�OgSª[;l$G9w>8�a^l,O3G9],8�[�1R���$wzE�l|G9wzy{G Hb8�[f=�<3O3OØG O3OgP{= O3P�w>G9O�<ea�8�]bJI<���w>G{JI<gPb]�P9�ØJ;:zG9wzy
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��<gHb�,:I8^0,1 L9v+&ÇDFE,8^QRPbQh8>]�J;�,Q�a�<e[\J;:I<gW,�,J;<3P9]ÐP9��l,:;P9J;Pb]$[h�Ï:IP9QKJ;E,8�:;8"G9wsJ;<3P9]ß¤�¨ © � F â\2��9vbvbãa¨ ©B{åu´ØB å��+¨`1�DFE,8Ø�,l$l|8�:xO38s��J;c�E$G9]$a@�$Hb�,:I8Ø[\E,P{=f[YJ;E,8.QhP9Qh8>]�J;�$Q l�8>:Il|8�]$a�<ews�,OeG :xJ;PfJ;E,8.W|8"G Q a�<g:I8�wsJ;<3P9]Y1DFE,8t�,l,l�8>:A:;<3H9E�J\c�E$G9]$a��$H9�$:;8�[;E,P{=f[FJIE,8Rl|8�:;l�8>]$a,<3w>�,O3G9:Z6b8>:z[\�$[�J;E,8ROgPb],H9<gJ;�|a�<g]|G O`QhPbQR8�]�J;�,Q�17DFE$8O3P{=.8�:�Og8>��J\c�E$G ]$a��|H9�,:I8�[\E$P{=f[FJ;E,8�J;P JzG OxQRPbQh8>]�J;�,Q·698�:I[;�$[NJIE,8�l�P9OeG :ZG9],H9O38¯`�G ]$a�JIE,8�O3P{=.8�:�:;<3H9E�J;cE$G9]$a&�$H9�,:I8@[\E,P{=f[NJIE,8?QhP9Qh8>]�JI�,Q G9OgPb],H�JIE,8?W�8�G Q·a�<3:;8"w�J;<3P9]`1

[;8>H9Qh8�]bJz[@=�<�JIEæG&:I8�Gb[\Pb]$G W$Og8tQR8"G9[;�,:I8RP9�Nw>�,:;6{G J;�,:I891 DFE,<e[@E$G9[AJIE,8>]àW�8>8�]Ç:I8>l�8�G J;8"aª�ÏPb�,:@J;<3Qh8�[@JIPl,:IP{6�<3a�8 [;��è�ws<38>]�Jt[;8>HbQR8�]�JI[@�ÏPb:�E,<3H9Eà8sè�ws<38>]|wsS�J;:zG9wzy�c�[;8>HbQh8>]�JAO3<3],y�<g],H|1&�d]ÇJIE,8kö�f�ö`ÚxJ;E,8�l|G{J\JI8>:I]:I8�wsPbH9],<gJ;<3P9]æ<e[I[\�,8�<e[ta�8"G OgJR=�<gJ;EùW�Sàw>:;8"G{JI<g],H^J;E,:I8>8�[\8"w�JI<gPb]$[hwsP9]�JzG <3],<g]$H^[\8�698�:IG9O.G9a)(\G9ws8�]�JR[\J;:zG <3H9E�JJ;�$W|8b1pDFE,8�[;8?G :I8AJ;E,8�]�<3]�J;8�:;O38�G�6b8�a�=�<gJ;E�Jm=NP [\8>JI[FP �Äws:IPb[I[\8"a&[\J;8�:;8�PtOeG�S98�:I[�1DFE,8ª:I8�[;P9O3��JI<gPb]�]$8�ws8"[;[IG :ISä<3]ÎJ;E$8^l,E,P9J;Pb])W|8"G QK8>],8�:;HbSäE$Gb[�W�8>8>]}QhG JIwzE,8"a�J;PæJIE,8^8>Í�l|8"w�J;8"aQhP9Qh8>]�JI�,Qo:I8�[;P9O3��J;<3P9]�<3]�J;E,8?JI:IGbwzy�<g],HR8>O38>Qh8�]bJz[fP9�xJIE,8hÈRÉ�ÊYË�Ìáa�8>J;8"w�J;Pb:�1.DFE,<3[fE$G9[�W�8>8�]+a�P9],8?W�SO3P�Pby�<g],H G JNJIE,8?Qh<3[I[;<g],HhQ G9[I[F:I8�[;P9O3��J;<3P9]Y1r�7[fG ]�8sÍ,G Qhl,O389Ú,w>P9]$[;<ea�8>:�:I8�Gbw�J;<3P9]�0,132�v$1¤�¨¢© ø ´ ø � å ´ å � å � ¨ â�0,132�v�ã
��J7<e[ZG9O3[;P�G9[I[;�,Qh8�a�J;E|G{JfJIE,8�å~�t<g]ª0$1g2"vh<3[Z],P J@a�8sJI8�w�JI8�aÛ1fk7[\<3],H JIE,8�:I8�w>P9]$[\J;:I�$wsJ;8�a�wzE$G9:;Hb8�a�J;:zG9wzy�[�ÚJ;E$8Ry�],P{=�]�W|8"G Qñ8�],8>:IH9SbÚYG ]$aªJ;E,8 G9[I[;�,Qhl�J;<3P9]^J;E$G JAJIE,8h:;8"G9wsJ;<3P9]ªJIP�P9y+l,OeG9w>8tPb]�G&l,:;P9J;Pb]ªJIG9:;Hb8sJ"ÚJ;E$8�[;Ù��$G9:;8 P9�.JIE,8�Qh<e[;[;<g]$HªQ G9[I[?<3[�wsP9Qhl,�,J;8�aæG9]$aæ[;E,P{=�]à<g]ß��<3H9�,:I8�0,1 LbB$â�Gbã7�ÏPb:�G�],PbQR<3]$G9O.v,Ñ32��W�8�G Qð8�],8>:IH9S&:;8"[\PbOg��JI<gPb]Y1�DFE,8ta,<3[\J;:I<gW$��J;<3P9]+<e[Zw>8>]�J;8�:;8"a+G{JZJIE,8�[IÙ��$G :I8?P �rJIE,8�åàQ G9[I[>Ú�W,��JA<�JAE$G9[ZG],Pb]�ó�],8�H9O3<gHb<gW$Og8h=�<ea�J;EY1��d]æ��<gHb�,:;8�0$1 L�B,â�W|ã7J;E,8�=�<3a�JIEæP �NJ;E,8�l|8"G y^<3])â�G�ã@<3[�l,OgP9J\JI8�aæG9[�G��Ï�,]$w�JI<gPb]P �.J;E,8hW�8�G9Q 8>],8�:;HbS�:;8"[\PbOg��JI<gPb]Y1t�$P9:AJ;E$<3[@l$G9:\JI<3w>�,OeG :A:;8"G9w�JI<gPb]^=�<gJ;EàG�Qh<e[;[;<3],H�å~�9Ú`G&W|8"G Q 8�],8>:IH9S:I8�[;P9O3��J;<3P9]�P �Äv,Ñ327JIP v,ÑCBl�¦<e[�=N8>O3OÛQhG JIwzE,8"a�JIPhJ;E,8�B9v9vU�UÜé:I8�[;P9O3��JI<gPb]&P9�`J;E$8@J;:zG9wzy�<g]$HR[;S�[mJI8>Q�1
I�J,Ý�JLK ;7}=y<T&<�w¦}�:�S¯W VXy+["=|}üx�oqTU{sS¯Wuy
DFE,8R[mJI:IG�=Fc�J;�,W�8�a�:I<g��JAwzE$G9Q�W�8>:tâ�ö�f�ö�ãf<e[7�$[\8"a�J;P�J;:zG9wzy�l$G :;J;<ewsO38�[7wsP9Qh<3],H �Ï:IP9Q·J;E$8�ÈRÉ�ÊYË�ÌáJIG :IH98>J=�<gJ;EÎl|PbO3G9:�G ],HbOg8"[RW|8>Jm=.8�8>])0lc�G9]$aý2"U9Ulc&=�<�JIE�Pbl�J;<3Q G OZw>P{698�:IG9H98 �Ï:IP9Q÷G9W|Pb��J&B v�c&J;PÎ2>j�vlc ÚAâ-[\8�8
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��<gHb�,:I8&0,1 LbB<&��+<e[;[;<3],H^Q G9[I[h[;Ù��$G9:;8"aà�Ï:IP9Q J;E,8�:I8�Gbw�J;<3P9]ù0,132�v+=�E,8�:;8&J;E$8&å~��<e[RGb[;[;�,Qh8�aäQh<3[I[\<3],H|1â�G�ãf<e[7�ÏP9:?v,Ñ32��oW�8�G9Q 8>],8�:;HbS&:I8�[;P9O3��JI<gPb]YÚì=�E,<gO38+âÏW|ã7<e[@G�l,O3P J@P �.J;E,8RQh<3[I[\<3],H�Q G9[I[Z:I8�[;P9O3��J;<3P9]�G9[AG�Ï�,]$wsJ;<3P9]�P ��J;E$8?W|8"G Qá8�],8>:IH9S�:I8�[;P9O3��JI<gPb]Y1

��<gHb�,:I870,1 L9L�ã�1ÄD`:zG9wzy�[pQRP{6�<3],H�QhPb:;8Z�ÏP9:I=NG9:IaRJIE$G ]�G9W|Pb��JfB vlcZ=�<3OgOìW�8ZJI:IGbwzy98�ahW�ShW�P J;E�J;E,8tö�f�ö&G9]$aJ;E$8¢ò9f�öæ[;S�[mJI8>Q [�1�DFE,8�[;8hJ;:zG9wzy�[@=�<3OgOp],8>8"aÇJ;P�J;:zG�698�O�J;E,:IP9�,HbEÇJ;E,8�a�P{=�]|[mJI:;8"G Q 8�]$aàl,OeG{J;8"[?P �NJ;E$8
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Q G Hb],8sJI<3w��$8>OeaÛ1æþ)<gJ;EÎ[mJI:IG�=Fc�J;�,W�8�[�ÚÄJ;E$8J;<3Qh8sc�J;P9c�:zG9a�<3�$[A:I8>OeG{J;<3P9]�<3[A8>Í�JI:;8�Qh8>O3S^[\<3Qhl,O389Úpâ-[\8�8h��<3H9�,:I8h0,1 L90bãs1��d]�J;E,8 w�G9[;8tP9�p�$8�O3a�=�<g:I8�[�ÚìJ;E$8>:I8G :I8�G O3=FG�S�[f:;8�H9<3P9]$[FW�8sJm=N8>8�]+J;E,8��$8>Oea+=�<3:;8"[�=�E,8>:I8?JIE,8��$8�O3a�<e[7l|P�P9:IO3S&a�8>�$],8�aY1fDFE,<3[7<3]�J;�,:I]ªO38�G9a$[J;P G [;<gHb],<g�|w>G9]bJ�a�8>J;8>:I<3P9:zG{J;<3P9]&<g]�:I8�[;P9O3��J;<3P9]&�ÏP9:FJI:IGbwzy�[.l|G9[I[\<3],Hh],8�G9:NJ;E,8?8"a�H98@P �r[;�$wzE�w>8>O3O3[�1
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Angle to y =    0.00 degrees
Wire no    =  1    (type S)

��<gHb�,:I8p0,1 L j«&ìDFE$8ØOg8>��J\c�E$G ]|a?l,O3P Jx[;E,P{=f[YG�e d �~ò9��Ë,É�f�� L9�)��w>G9O3w>�,O3G J;<3P9]@P ��JIE,8p8�Og8"w�J;:I<ewÄ�$8>Oea@<3]?J;E,8.[mJI:IG�=J;�$W|8b1pDFE,8?:I<gHbEbJ;c�E|G ]$a��$H9�,:I8?[\E$P{=f[�G�JmS�l,<ew>G9OÛJ;<3Qh8sc�J;P9c�a�<e[\JIG ]|ws8@l,O3P Jfw>G9O3w>�,O3G J;8"a��ÏPb:FJ;E,8�[\J;:zG�=Fc�J;�,W�8H98�P9Qh8sJI:;S <3]�J;E,8�B,Ñ B j�÷ÐQ G H9]$8sJ;<ewA�$8�O3aÛ1
DFE,8&QhG;(mP9:ha�<e[;Gba�6{G ]�JIG9H98�P9�ZG^[\J;:zG�=Fc-JI�,W|8�a�8�[;<3H9]ß<e[tJ;E$G JR<gJhGba,a,[RG9a,a,<�JI<gPb]$G ONQ G{J;8�:;<eG ON<3]ßJ;E$8J;:zG9wzy�<3],H�:;8�H9<3P9]Y1�ÿfP{=N8>6b8>:"ÚYW�SÇw�G :I8s�Ï�,OØ�|[\8 P9�NJIE,<3]ß[mJI:IG�=f[�ÚYJIE,<3[�Q G{J;8�:;<eG O.w>G ]àW�8�Qh<g]$<gQh<3ç>8�aY1��Z]
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G9a$a�<�JI<gPb]$G O�w>P9]$w>8>:I]ß<3[tJIE,8&Qh8"G9[;�,:;8�Qh8>]�JtP9��÷ ¼ Õ)÷lû��|[\<3],Hà[mJI:IG�=Fc�J;�,W�8&wzE|G Q�W�8>:z[�1àDFE$<3[RE$Gb[tW�8>8�]a�Pb],8�P9]|ws8h� jbv���ÚÄW,��Jt<e[@JmS�l,<ew>G9OgO3S�]$P Jt[;P9Qh8sJIE,<3],H�J;E$G JR[\J;:zG�=Fc-JI�,W�8�wzE$G QtW|8�:I[�G9:;8 Gb[\yb8�a�J;P^a,P$1��d]P9:za�8�:@J;Pªa�P�J;E$<3[�ÚxPb],8 E$Gb[AJ;P+W�8�G W,O38hJ;PªGbw>w>�,:IG J;8�OgSªw>P9Qhl,��JI8hJ;E,8 JI:IGbwzy�[@l$G{JIEÇO38>]$H J;Eà=�<gJ;E,<3]àJ;E$8<3P9],<3ç�G J;<3P9]R69P9O3�,Qh891Ä�,Pb:\JI�,]$G J;8>O3S9Ú9J;E,8�l|G :;J;<ewsO38�[Ä�ÏPb:r=�E,<3wzERJIE,8�÷ ¼ Õ)÷lû Qh8�G9[;�,:I8>Qh8>]�Jz[rG :I8FJ;P�[;8>l$G9:IG J;8åY[�Ú�5?[�G9]$a^l|[?=�E,Pb[;8RJ;P9JIG OpQRPbQh8>]�J;�,Q�<3[@�$]$a�8>:tv,Ñ j�U�Ò?Ó{Ô.Õ{Ö 1��
:;8�H9<3P9]Ç=�E,8>:I8-÷ ¼ Õ;÷'ûùa�P�8�[@],P9J],8�8�a&J;PhW�8?l$G :;J;<ews�,OeG :IO3S H9P�P�a�JIP E$G�698@GRW,<gH <3Qhl$G9wsJ�1D�G W,O38Z0,1CU?O3<e[mJz[ØJIE,87Q G J;8>:I<eG O,JmS�l�87G9]$a�G l$l,:;P�Í�<3Q G{J;8fJ;E,<ewzy�],8�[I[pP9�`G O3O|Q G J;8>:I<eG Oe[Ø�$[;8�a <3] JIE,8¯ö�f�öY1DFE,8Ø�$l$[mJI:;8"G Qý8>]$a�l,O3G J;8Ø<e[�G W�P9��Jx��Ü#ÜýJ;E,<ewzy@G O3�,Qh<g]��,Q�1xÿZP{=.8�698�:�Ú>J;E,8Na�P{=�]�[mJI:;8"G Qý=�<gO3O9W�8p8�<�JIE,8>:U´�+0ßÜ�Ü
JIE,<ewzyhG9Og�$QR<3]��,QéP9:N�XÜ#Ü�JIE,<ewzy�VR2�v,1ÄDFE,87QR<3],<3Q��,Q
JIE,<ewzy�]$8�[I[pP9�ÛJ;E,8@a�P{=�]$[\J;:I8�G9Q�8�]$al,OeG{JI8Z<e[pwsPb]�J;:IP9O3Og8"atW�ShQ G9wzE,<3],<3],H?JIE$G{JN],8>8"a,[rJIP�W�87a�Pb],8�J;PR[\�$l,l|Pb:\JpJ;E,8A[mJI8>:I8>P�OeG�S98�:I[�1xÿZP{=.8�698>:"Ú <3]G9a$a�<�JI<gPb]�JIPfJ;E$8N8�]$a�l$O3G J;8.J;E,8�Qh[;8>O3698"[>Ú"JIE,8N�Ï8>8�a�J;E,:IP9�$H9E$[x<g]�J;E,8Fa�P{=�]�[\J;:I8�G9Q 8>]$aRa�PZ]$P JÄ],8>8"a?J;PAW�8wsPb]$a��$wsJ;<3698b1pDFE,8?�$[;8?P �Äl,OeG9[\J;<ew â�X�6p_`~f��g7ãN=�<3OgOxE,8>O3l�J;P Qh<g]$<gQh<3ç>8?JIE,8?Q G{J;8�:;<eG O�1ØDFE,8?8>Í�Gbw�JZwzE,Pb<3w>8W�8sJm=N8>8>]+G9Og�,Qh<3]��,Q G9]$a+VR2�vh=�<3OgOYW�8?W$Gb[\8"a&P9�Ä[\J;:I�$wsJ;�,:zG OY[\J;�$a,<g8"[FJ;E$G J7G :I8?ws�,:I:I8>]�J;O3S��,]$a,8>:I=NG�Sb1r��J<e[�G ]�JI<3w><gl$G J;8"aÇJ;E$G Jt<3]àJ;E,8�ö«f�ö`ÚxJIE,8&G9QhP9�,]�J�P9�FQ G J;8>:I<eG OØ<3]æJ;E$8&a�P{=�]�cd[\J;:I8�G Qò8>]$aæl$O3G J;8�=�<3OgONW�8W�8sJm=N8>8>] F, G9]$a F× P ��J;E$G Jf<g]�J;E$8?�,l�cd[mJI:;8"G Qél,OeG{JI891

nrG9:\J �ªG{JI8>:I<3G9O DFE,<3wzy�],8"[;[ü �kZl$[\J;:I8�G Q 6Ø]$a&l,OeG{J;8 �fO �%Ü#ÜX7P{=�]$[\J;:I8�G9Q 6Ø]$a�l,OeG{JI8 �fO U�cd0QÜ#ÜVR2�v �%Ü#Ü�d]$],8>:Z��E$8>O3O MNG9:;W�P9]���<gW�8>: v,1 �XÜ#Ü47�,J;8>:Z��E,8>O3O ��<gW�8>:IH9OeG9[I[ 0�Ü#ÜkZl$[\J;:I8�G Q �,8>8"a�DFE,:;Pb�,H9E �fO 2b1 UýÛ4ÜX7P{=�]$[\J;:I8�G9Qá�,8>8"a�DFE,:;Pb�,H9E X78>O3:;<3] 2b1 vþÛ4Üþ)<3:I8 �Z��c�þ B v��UÜ��J;:zG�=}D`�$W|8"[ 5?G9l�J;Pb] 2�vbv��UÜ�fO 2"U��UÜkZl$[\J;:I8�G Q·V@G9[�nØO38>]��,Q _Y�$w><�JI8 UQÜ#ÜX7P{=�]$[\J;:I8�G9QoV@G9[�nÄ8>]��,Q _Y�$w><�JI8 L%Ü#Ü
D�G W,O38�0,1CU=&rDFE,8?G ]�JI<3w><gl$G J;8"a&Q G J;8>:I<eG O�J;P W�8?�$[;8�a�J;P W,�,<3Oea�JIE,8�ö�f�ö`1p��8�87JIE,8@J;8>Í�J��ÏP9:fa�<e[;w>�$[I[\<3P9]Y1

DFE,8�ö�f�öª=�<3OgO`w>P9]�JIG9<g]+L�B{jbvh[\J;:zG�=f[>Ú�8"G9wzE�P �r=�E,<ewzE�<3[�29Ñ 0þÛ§Ü·<g]ªa�<eG Qh8>J;8>:7G ]$a+B�Ü O3P9]$H$1.DFE$8[\J;:zG�=f[fG :I8�G :I:zG ],Hb8�a�<g]ÇB L OeG�S98�:I[�â-[\8�8?JIG9W,O38t0,1 0bãs1�6Ø<3H9E�JZP9�rJ;E,8hB L OeG�S98�:I[f=�<gO3OxW�8t[\J;8�:;8�P$Ú|J;<3O�JI8�a+W�S�A0lch�Ï:;PbQòJIE,8&[\J;:zG <3H9E�J@J;�,W�8�[�1ªDFE,8 JI�,W�8�[RG :I8�G9[I[\�,Qh8"a^JIPªE$G�6b8�G ] ü»� � :;8"[\PbOg��JI<gPb]àP �?2"U9vU�UÜ�Ú=�E,<3Og8@:I8�[;P9O3��J;<3P9]&G O3P9],HtJ;E,8@=�<3:;8AO38>],H9J;E�=�<gO3OÛW|8@PbW�JIG9<g],8"a��$[;<3],H�JIE,8?�t[\J;8�:;8�PtOeG�S98�:I[�1ÄDFE,<3[N=�<3OgOÛS�<38>OeaGA:;8"[\PbOg�,J;<3P9]hG O3P9],HAJ;E$8�Og8�],H JIERP9�$JIE,8�=�<g:I8�P �ìG W�P9��Jf2�U v·�UÜ�Õr[\<3]`â�0�c�ã�Pb:ØG W�P9��J�2bÑ jßÜ�Ü�1rDFE,8f[\J;:zG�=f[=�<3OgOrW�8�G{J?H9:IP9�$]$aªl�P JI8>]�J;<eG O�ÚY=�E,<3Og8RJIE,8�B v%�UÜòa�<eG Qh8sJI8>:?H9PbO3a�c�l,OeG{JI8�aªJ;�,],H�[mJI8>]Ç=�<g:I8h=�<gO3OrW�8�G{J?Gl�Pb[;<�JI<g6b8�E,<3H9E+6bP9OgJIG Hb8�W�8sJm=N8>8>]ä29ÑCU G ]$a�B�ÑCUC@,Ô
[;�$wzE+J;E|G{JZJIE,8>S�l,:IP{6�<3a,8�G�H�G <3]+P �pG W�P9�,Jt2�v9� 17DFE$88sÍ,Gbw�JF69P9OgJIG9H98A=�<gO3OYa�8�l|8�]$a�Pb]�JIE,8A�$]$G9OYwzE,P9<ews8AP �`H�G9[NQh<�Í�JI�,:;8b1ØDFE,8@=�<g:I8�[N=�<3OgOÛW�8@:;8"G9a�P9��J�P9]$OgS�G JJ;E$8t�,l|[mJI:;8"G Qð8>]$aªP �ØJIE,8Ra,8sJ;8"w�JIP9:"1ADFE,<e[7=�<gO3OrG Oe[\P�Qh<3],<3QR<3ç>8RQ G{JI8>:I<3G9OxW�8sJm=N8>8�]+J;E,8:ö�f�ö�G ]|a/ò9f�öwzE$G9Q�W�8>:z[NG9]$a�<gQhl,:IP{6987J;E$8?P{698>:zG O3O�QRPbQh8>]�J;�,Q :;8"[\PbOg�,J;<3P9]Y1þÇ8�G :I8�G Oe[\P wsPb]$[;<3a�8�:;<3],HRJ;E$8�l|P�[;[;<3W,<gO3<gJmS�P �ÄP �Øw>P9],],8"w�JI<g],H l|G <3:I[FP9��=�<3:;8"[FJ;PbH98>J;E,8�:fP9]�J;E$8�a�P{=�][\J;:I8�G QT8>]$a G9]$aR�$[\<3],HAJ;E$8f843ì8�wsJ;<3698FJm=NP c�8>]$a�8"a�:I8�Gba�P9�,J�JIP?l,:IP{6�<ea�8�G?wzE$G9:;Hb8Na�<36�<3[;<3P9]hQh8�G9[;�,:I8>Qh8>]�J"1þ)E,<3Og8�JIE,8�:;8"[\�,OgJ;<3],Hs� c�:;8"[\PbOg�,J;<3P9]ß=NP9�,OeaæW�8�P9]äPb:Ia,8>:RP �t2"vÂÛ§Ü�ÚpJ;E,<e[hQ G�SàW|8��$[;8s�Ï�,O�<3]äl|G{J\JI8>:I]:I8�wsPbH9],<gJ;<3P9]`1x��JN=.Pb�,O3a G9O3[;P�l,:IP{6�<3a,8fG�E$G9:Ia�=FG :I8FQh8�G9[;�,:I8>Qh8>]�JpP9�ÛJ;E,8ZJ;:zG ]$[;<gJØJ;<3Qh8Aw>P9:I:;8"w�J;<3P9]h<3] J;E$8G ]$P�a,8N=�<3:I891Ä���$]$G O,a,8�ws<e[;<gPb]RG�=FG <gJI[�W�P J;E w>P9Qhl,O38sJ;<3P9]RP �|J;E,8�l$:;P9J;P JmS�l�8�G ]$at<g]$<�JI<3G9O,=.Pb:;y?Pb]tl|G{J\JI8>:I]:I8�wsPbH9],<gJ;<3P9]�[;P ��Jm=FG :I891xÿfP{=N8>698�:�Ú�J;E$8.Pb],OgS?<3Qhl$G9wsJx<3]twzE$G9Q�W�8>:Äa�8�[;<3H9]�<e[�<g]�J;E,8FwzE,P9<ews8.P �|G9],P�a�8p=�<3:I8�[�1�¬[;8�wsPb]$a�[\Q G O3O`a�8"[\<3H9]�wzE$G9],H98AJ;E|G{JfQ G�S�G Oe[;PR<3Qhl,:IP{698Al$G{J;J;8>:I]�:;8"wsPbH9],<gJ;<3P9]&<3[FJIE,8�G :I:zG ],Hb8>Qh8>]�JFP �[\J;8>:I8>PhOeG�S98�:I[�1ØDxG9W,O38�0,1 0 [\E,P{=f[NJIE,8@Jm=NP�[mJI8>:I8>P [\�$l|8�:\c�O3G�Sb8>:z[FwsP9]�JzG <3],<g]$HRW�P JIE Á 0lc@G9]$as�f0lc@OeG�S98�:I[�1M.E$G9],H9<3],HhJ;E$8>Qñ[\PhJIE$G{J@G O3O`P9�ÄPb],8�[;�,l�8>:ZOeG�S98�:�P � Á 0lc�G ]$a�JIE,8�P9J;E,8�:»�f0lc?<3[ZOg<3y98�OgS&J;P�Q G9y98@J;:zG9wzy�$]$a,<g],H�<g]�J;E$8�[;8�H9:IP9�,l|[F8�G9[;<38>:"1pDFE,8�Q G)(mPb:fwsPb]$ws8�:;]�=�<gJ;E�J;E$<3[�<e[�JIE,8�Qh8�wzE|G ],<ew>G9OìJ;P9:zÙ��,8�[f8sÍ�J;Pb:\JI8�aW�S�J;E,8 [\J;8�:;8�P�OeG�S98>:z[7=�<gO3OÄ],P�OgPb],H98�:7W�8 wsP9Qhl,O38sJI8>O3S+W$G OeG ]|ws8�aY1���w�G :I8s�Ï�,OÄ8�],H9<3],8>8�:;<3],H�[mJI�$a�S+],8�8�a,[
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J;PhW�8�a�P9]$8@J;P a�8sJI8>:IQh<g],8?E$P{=ÐJ;Phl,:I8>6b8>]�JfG ]�<g]|a��$ws8"a&Jm=�<3[\Jf<g]�JIE,8�wzE$G QtW|8�:�1

á.*91���# D+!9E?!�Þ ¸&*<¹x%-��É Û§Ü ðÛ�"��#���!�.��åp�9É Ýt��'ì����# â?��*��"� ¸�*<¹�%�*$'�É2 U9� 2�j$1 �9�b� 2>j$1 �9�b� v$1 vbv9vB 0�U 2"0,1CU9U9� 2�0,1CU9U9� v$1 vbv9vL �9B 2"�,1 L j�v 2��,1 L j�v v$1 vbv9vj � � B9v,132"BbB B v,132"BbB v$1 vbv9vU �b0 B,291 �9v�U B{j$1CB ��U v$1g2"vbU0 �bL B9L,1 09��� B9U�1 �,2"L v$1g2"vbU� 2�vbv BbU�1 jb0b� Bb��1CU9UbB c�v$1g2"vbU� 2�v�� B���1CB9U,2 B �,1CB v�� c�v$1g2"vbU� 2"B,2 Lbv,1 �,2"0 L9v,1 �,2"0 v$1 vbv9v2"v 2"B9� L�B�1CU �b� LbB�1CU �b� v$1 vbv9v2b2 2�L�U L9j$1 L9�$2 L j$1 L9�$2 v$1 vbv9v2�B 2>j�B Lb0,132�0bL L90,132�0bL v$1 vbv9v2"L 2>j�� L���1 � j�U L���1 � j�U v$1 vbv9v2�j 2"U90 Lb�,1 � B9� j$291 v9�9j v$1g2"vbU2�U 2�0bL j|291CU�2"v j�B�1 �bB9v v$1g2"vbU2"0 2�� v j�L,1CB �bL j9j$1CU9U9v c�v$1g2"vbU2{� 2��b� j�U�1 v��9U jb0,1CB �9j c�v$1g2"vbU2"� 2��b� j��,132�L$2 jb�,132�L$2 v$1 vbv9v2"� 2��b0 j��,1 �,2"L jb�,1 �,2"L v$1 vbv9vB9v B vbL U,291 09�b0 U�291 09�b0 v$1 vbv9vB,2 B�2"v U9L,1 j�� � U L,1 j�� � v$1 vbv9vBbB B�2{� UbU�1CB 0$2 U9U�1CB 0$2 v$1 vbv9vB9L B9B j U���1 v j�L Ub��1 v j�L v$1 vbv9v
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Gas: Ar 30%, C2H6 20%, CO2 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Particle: e-, Ekin=3 MeV
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 50%, C2H6 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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J;�$W|8"[��ÏPb:RJ;E,8�[mJI8>:I8>P�O3G�Sb8>:z[>1à�d]ßJIE,8&�$]$G OwzE$G9Q�W�8>:"Ú9JIE,8AJ;�,W�8�[�G9:;87H9O3�,8�a�J;PtGba�(\G9w>8>]�JNJ;�,W�8�[F<3]�JIE,8A[IG Qh8AO3G�Sb8>:"Ú�G9]$a�Gba�(\G9w>8>]�J.OeG�S98�:I[.G :I8ZHbOg�,8"aJ;PbH98>J;E,8�:�1Ä�d]�P9:za�8>:NJ;P a�PRJIE,<3[fH9O3�,<g]$H$Ú,wsOeG QRcd[\E$8>O3O�E$P9Oea�8>:z[F],8>8"a�JIPhW|8?W,�$<gOgJ�J;E$G J�QhG JIwzE&J;E,8�[;l$Gbws<3],H<3]Ç8"G9wzEÇO3G�Sb8>:?G ]|a�E$P9Oea^JIE,8hJ;�$W|8"[�<3]Çl�Pb[;<gJ;<3P9]à=�E,<3Og8hJIE,8>SÇG :I8RHbOg�$8�aÛ1��$P9:@J;E$8�[mJI8>:I8>P�O3G�Sb8>:"ÚÛJ;E$8�[;8wsOeG Q [\E,8�OgOe[�],8�8�a�J;P W�8?W,�,<3O�Jf=�<gJ;E�JIE,8�[;G9Qh8@w>P9Qhl�P9�,]$a�G9],H9O38�[FG9[NJIE,8?8>]|a&l$O3G J;8�[�1�d]ÎP9:za�8>:hJIPß�,]$a,8>:z[mJzG ]$aùJ;E$8ª<3[I[;�,8�[ <3]�69PbOg6b8�aù<g]ÎJIE,8+W,�,<3O3a,<g],HùG ]$aÎPbl|8�:IG J;<3],HÇJ;E,8^[\J;:zG�=Fc�J;�,W�8wzE$G9Q�W�8>:"Ú�J;E,8tMNG9:;],8�H9<38A�ª8>O3OgPb]àâ�MN�ªk7ãNHb:;Pb�,l�E$G9[FHbP9],8AJ;E$:;Pb�,H9E�[\8�698�:IG9Oì[\J;8�l$[F<3]�l$:;P9J;P JmS�l,<3],HRJ;E$8wzE$G9Q�W�8>:"1ÄDFE$8>S�G9:;8?ws�$:;:I8>]�J;O3S�w>P9Qhl,O38sJ;<3],H Gt�Ï�,O3O�cd[;w�G O38@l,:;P9J;P9JmS�l�8@P � F� P ��J;E,8�wzE|G Q�W�8>:"1DxP@[\J;�|a�S?J;E$8�W|8�E$G�6�<gPb:�P9��[\J;:zG�=ßJI�,W|8fwzE|G Q�W�8>:z[�Ú G@B�Ü OgPb],H?wzE$G QtW|8�:Ä=�<�JIE B�Û4Ü¦a�<3G9Qh8sJ;8�:ÄJ;�,W�8�[E$Gb[FW|8�8>]�G9w>Ù��,<3:I8�a �Ï:IP9QáJ;E,8¯6ØqÄ�ý8sÍ�l�8>:I<gQh8>]�JfG{JfiN:IP�Pby�E$G�698�]·� j�B¦��1Ø�ý[;8sJI�,l�=�E,<3wzE�:I8�G9a$[.Pb��JF�ÏP9�,:J;�$W|8"[�<3]àJ;E,8�wzE$G QtW|8�:��$[;<g]$H^G+j cdwzE$G9],],8>OØa,<gHb<�JzG OpP�[;w><gO3O3Pb[IwsP9l�89ÚÄG ]|aÇJ;E,8�]àJ;:zG ]$[\�Ï8>:z[@J;E$8&a,G JIG�J;P�GO3P�w�G Opw>P9Qhl,��JI8>:?�ÏPb:�G ]|G O3S�[;<e[@E$G9[@W�8>8�]æW,�,<3O�J"1���<3H9]|G Oe[�G :I8hl,:;P�a��|ws8�a��Ï:IP9Q G �r�#I	J F��aÂ [;P9�$:Iw>89Úpâ-[\8�8��<gHb�,:I870,1 L9��ã�1ÄDFE,8*K�� [.�Ï:IP9Q¦J;E,8@[;P9�,:zws8ZG9:;8AwsPbOgO3<gQ G J;8�a J;E,:IP9�,HbE�G�2�Ü�Üéa�<eG Qh8sJI8>:"Ú|27Û4Ü
O3P9],H�J;�,W�891DFE,8R[\Pb�,:Iw>8�<e[7l$O3Gbws8�a^G W�P9��J@L9v�Û§ÜðW|8�OgP{=ýJ;E$8RwzE$G9Q�W�8>:@G ]$a^G O3<gHb],8�a+Gb[7[;E,P{=�]ª<3]+J;E$8��$Hb�,:I8917DFE$8[;S�[\J;8�Q <e[ZJ;:I<gHbH98>:I8�a�Pb]ªG�[\<3H9]|G O`<3]+JIE,8��,l$l|8�:ZJI�,W|8bÚÛG ]$a�8�698>]�Jz[f=�<gJ;E^[;<gHb]$G Oe[f<3]ªG O3Ox�ÏP9�,:ZJ;�,W�8�[AG :I8:I8�G9a�P9��J"1ØV@G9[FQh<�Í�JI�,:;8"[Fw>G ]&W|8@6{G :I<38�a��|[\<3],H G�O3P�w>G9OgO3S W,�,<3O�JFJIE,:;8�8scdwsPbQRl�P9]$8>]�JNH�G9[\c�Qh<gÍ�<g],HR[\S�[\J;8�Q�1
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��<gHb�,:I8�0$1 L��9&���wzE,8�Q G{J;<ew�a�:IG�=�<3],H�[�P9�fJ;E,8��Ï8�8�aæJIE,:IP9�,HbE$[t�ÏP9:RW|P9J;EùJ;E,8�],P9:IQ G O?â �-�9Þ-� ã�G9]$aä[\J;8�:;8�Pâ #{%LË|�ì� ãN=�<g:I8�[�1
DFE,<e[fG O3O3P{=f[p�ÏPb:fa�8sJzG <3Og8"a&[\J;�|a�<g8"[�P ��J;E$8�wzE$G QtW|8�:Nl�8>:;�ÏP9:IQ G ]$w>8@<g]+a�<?3�8�:;8�]�JFH�G9[FQh<gÍ�JI�,:I8�[¯� jbL���1
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��<gHb�,:I8A0$1 Lb�<&r��8sJI�,l&P9�YJ;E$8@[\J;:zG�=Fc�J;�,W�8Zl,:IP JIP JmS�l�8AwzE$G9Q�W�8>:N�$[;8�a&<g]�[mJI�$a�S�<g]$HR[;<gHb]$G Oe[FG ]$a�HbGb[pl,:IP9l,c8>:;J;<38�[�1UgfP9J;8AJ;E,8*F��2Â>~���[\Pb�,:zws8A8>Qh<�Jz[�l,:I<gQ G9:;<3OgS�L$Ñ U j#£ Ó{Ô�8>O38�wsJ;:IP9]$[NW,��JFJIE,8>:I8?G :I8AG9O3[;Pt�$l�JIP�2bÑg2�j£ Ó{Ô�l,E,P JIP9]$[�1
��<gHb�,:I8Z0,1 L9�?[;E,P{=f[p[;<3H9]$G9O3[pQR8"G9[;�,:I8�aR<g]�Jm=.Pta�<_3ì8>:I8>]�JNHbG9[ØQR<gÍ�J;�,:I8�[�1pM.�,:I:;8�]bJIOgSbÚ JIE,8>:I8Z<e[p]$P�=NG�SP �YG9l,l,O3S�<3],H�G@OeG :IH98FQ G Hb],8sJI<3wF�|8>Oea�JIP?J;E$8Z[mJI:IG�=ùJ;�$W|8"[>1rDFE,<e[rQ G yb8�[Øa�8>JIG9<gO38�a [\J;�$a,<g8"[rP �ìJ;E$8Z_YPb:;8�]bJIçG ]$H9O38�P9],O3SÇl|P�[;[;<gW$Og8�J;E,:IP9�,HbEß[\<3Q��$O3G J;<3P9]æ=�E,<ewzEß<e[tw>�,:;:I8>]�JIOgS��,]$a�8�:;=FG�S��|[\<3],H+JIE,8ie d �~ò9��Ë,É�f
� L9���l,:IP9Hb:IG9Q�1�d]�P9:za�8>:.J;PhW,�,<3Oea�JIE,8@�Ï�,O3O�cd[;w�G O387l$:;P9J;P JmS�l�89Ú�[;P ��Jm=FG :I87=FG9[.=�:;<gJ\JI8>]�J;E|G{JfwsPbQRl$��J;8"[NJ;E,8@],8"ws8�[I[IG :ISwsPbQhl|Pb�,]$a�G ],HbOg8"[RG J�8�GbwzEä8>]|aäl,OeG{JI8�[�ÚNG9]$aäJ;E,8�]ùJI�,:I]$[RJ;E,8�Q÷<3]�J;PàQ G9wzE,<3],<3],H�<3]$[\J;:I�$w�JI<gPb]$[�1Î�Z]8sÍ,G9QRl$Og8tP �rJ;E$8�6�<3[;�$G9OxPb��J;l,�,JAP9�rJ;E,<e[Zl$:;PbH9:zG Qo<e[@[\E$P{=�]+<g]^��<3H9�,:I8t0$1 j�v =�E,<ewzE^[;E,P{=f[�JIE,8ta�:I<3OgO3<g]$Hl$G J\J;8�:;]Î�ÏPb: J;E$8�a�P{=�]�cd[\J;:I8�G Q÷8>]$aÎl,OeG{JI891¬X7�,8+J;PßJ;E,8�QR<3O3O3[&G�6�G9<gOeG W$Og8+G{J+MN�ªk�Ú.Jm=.Pæ8�]$aÎl,OeG{JI8[;8�w�JI<gPb]$[@8�GbwzE�:I8>l$:;8"[\8�]bJI<g]$H FÚ P9�.JIE,8�wzE$G9Q�W�8>:?=N8>:I8RQ Gba�891�DFE,8"[\8h=N8>:I8RJ;E,8�]àw>P9],]$8�w�JI8�a�J;PbH98>J;E,8�:
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��<gHb�,:I8h0$1 Lb�<&?��<3H9]$G9O3[AP9W|[\8�:;6b8�aª<3]�J;E,8�[\J;:zG�=Fc-JI�,W�8hwzE|G Q�W�8>:A�ÏPb:@Jm=.P�a�<?3�8�:;8�]bJ�H�G9[AQh<�Í�JI�,:;8"[>1 ���9Þ�� &U v9�
�f:IH9Pb]YÚ$U v9��6rJIE$G ],8�G JZB vbU9vpÔ #{%LË|�ì� &p�9v9�¦�f:IH9P9]`ÚÛ2�v��oMNG :IW|Pb]$a�<3P�Í�<ea�8@G{J?2��bv9vpÔR1
G ]|a�JIE,8�:I8�[;�,OgJ;<3],H Ùb�|G :;J;8>:;c�8>]$a�c�l,OeG{JI8@[;8�wsJ;<3P9]$[F=N8>:I8?[\8�]�J�J;P�2�_`G9W�JIP W|8�Qh8"G9[;�,:;8"a/� j9j;��1.þ)E,<gO38?JIE,<3[l,:IP�ws8�[I[ØO38�a J;P�G�]��$Q�W�8>:pP9�Y<gQhl,:IP{698�Qh8>]�JI[p<g] JIE,87w>P9]$[\J;:I�$wsJ;<3P9]hJ;8"wzE,],<eÙ��,89Ú�<�JF=FG9[r�|]$G O3OgShwsPb]$wsO3�$a�8"aJ;E|G{J�Q G <3]�JIG <3],<3],Hª[;��è�ws<38>]�J�G9w�ws�,:zG9w>SªP{698�:A8�<gHbE�J�[\8"w�J;<3P9]|[AJ;E$G J�],8>8"a�8�a�JIP+W|8�w>P9],]$8�w�JI8�a�J;PbH98>J;E,8�:=NP9�,Oea^l$:;PbW$G W,O3Sª],P9J�W|8 l�Pb[I[;<gW,O389Ú�G ]$aÇ<gJ�=.Pb�,Oea^Q G yb8hQRPb:;8 [;8>]$[;8hJ;P+w>P9]�J;:zG9wsJ@Pb��J?J;E$8 8>]$aÇl,OeG{JI8��G W$:;<ew>G J;<3P9]&J;Ph<g]|a��$[\J;:IS91
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��<gHb�,:I870,1 jbv+&�DFE$8Zl�Pb[;<�JI<gPb]�P �ÛJIE,8@LbB{j�v?E,PbOg8"[ØJIE$G{JF],8>8"ahJ;PRW�8Aa�:I<3OgO38�a <3]�JIE,8@a�P{=�]$[\J;:I8�G Q¦8>]|a�l,OeG{JI8P �NJ;E$8¢ö«f�ö`1&DFE,8 H�G l$[@<3]à:IGba�<g�|[?G{��J;8�:�OeG�S98>:z[Aj+G ]$a�2�L�G9:;8 a��,8hJIP�J;E,8�O3G�Sb8>:z[�(m�|[mJ�W�8>SbP9]$a�J;E$8�[;8W�8><3],H�[mJI8>:I8>PR=�<g:I8�[�1
�f] l$:;PbW,Og8�Q G{J;<ewF<e[;[;�,8FJ;E|G{Jp<e[pw>P9QhQhP9]h=�<�JIE�[mJI:IG�=Fc�J;�$W|8fwzE$G9Q�W�8>:z[r<e[ÄJ;E,8AwsPb]$a��$wsJ;<3698�H9O3�,8�(mPb<g]�JI[J;E|G{JhW|P9J;EäE$P9OeaæJ;E$8�[\J;:zG�=f[?JIP^JIE,8��Ï8�8�aßJ;E,:IP9�,HbE$[RG9[t=.8�OgO�G9[�J;E$8��Ï8�8�aæJIE,:IP9�,HbE$[�JIP^JIE,8�wzE$G QtW|8�:8>]|a�l,O3G J;8"[>1fMNG :I8s�Ï�,Ox8sÍ,G Qh<3]$G{JI<gPb]�P �rG ]+8sÍ�<e[mJI<g]$H�[mJI:IG�= J;�,W�8�wzE$G9Q�W�8>:��Ï:IP9Q J;E$8�iN:;P�P9y�E$G�6b8>]k6ØqÄ�8sÍ�l�8>:I<gQh8�]bJ?[;E,P{=.8"a+JIE$G{J�G O3OÄP �ØJIE,8�[;8�(mP9<3]�JI[AJ;8�]$a^J;P�a�8>6b8>O3P9l^O38�G9y�[ZP{6b8>:7J;<3QR8b1t�d]�P9:za�8>:AJIP�JI:;S�JIPG O3O38>6�<3G J;8hJIE,<3[�Og8"G y�l,:;PbW,O38>Q�Ú�G+a,8sJIG9<gO38�aæ[\J;�|a�S^P9�FQ G9]�SÇwsPb]$a��$wsJ;<3],H^G ]|a�]$P9]�cdwsPb]$a��$wsJ;<3],H+8>l�P�Í�<g8"[=FG9[fw�G :I:;<38�a&P9��J�JIP�[;8>8?<g�rGhHbP�P�a�HbOg�,8�w>P9�,Oea�W�8@�ÏP9�,]$aY1FDFE$8�wsP9]|wsO3�$[\<3P9]�P9�xJIE,<3[Z=.Pb:;y�=NGb[FJ;E$G JfJ;E$8l$G9:\JI<3w>�,O3G9:.wzE,Pb<3w>8ZP9�YH9O3�,87a�<ea�]$P JFQhG J\JI8>:"1x�d]$[\J;8"G9aÛÚ�JIE,8AGbw�JNP �`<3]$[;8>:;J;<3],H�Pb],8Zl$G9:\JNP �`G��Ï8>8�a�J;E,:IP9�$H9E
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<3]bJIP�G ]$P J;E$8>:Øl$G9:\JpJ;8>]|a�8�ahJIP�[Iws:zG l�8�Q��$wzE P9�ÛJ;E,8f8�l|P�Í�SRP;3&J;E,8AwsP9]�JzG9w�Jp[;�,:;��G9w>891ÄDFE,<3[.O38�aRJ;PtG�(mP9<3]�J=�<gJ;E�Q G ]�S�=N8�G y&[\l�P Jz[NJ;E$G JfP{698>:�Gh[;E,P9:;J�l|8�:;<3P�a�P9�xJI<gQh89Ú|a�8>6b8>O3P9l�8�a&Og8"G y�[>1kfl�P9] w>G :I8s�Ï�$OA[\J;�$a,S�P9�?J;E,<e[�ÚZ<gJ&=FG9[�a,8�ws<ea�8"a)J;E|G{J�JIE,8^Pb],O3S�=FG�SùJ;PäHb�$G :zG ]�JI8>8ªGßHbP�P�aÎHbOg�$8wsPb],],8"w�J;<3P9]�=NGb[rJ;Pha�8�698>O3P9l�Gt[\S�[\J;8�Q¦<3]�=�E$<3wzE�Pb],8Z<e[Nws8>:;JIG9<g]�J;E,87J;E,8AH9O3�,87<3[NG9wsJ;�$G9OgO3ShQhG9y�<g],Ht[\PbOg<eawsPb]�JIG9wsJ.=�<gJ;E&W|P9J;E�[\�,:;��G9w>8�[�1�DFE$87:I8�[;�,OgJ.P �`J;E,<e[N<3[FG?�Ï8�8�a�J;E,:IP9�,HbE�[;S�[\J;8�QáG9[N[\E$P{=�]�<g]���<gHb�,:;8A0,1 j$2b1DFE,8�A4?5�+ç=êF<e[fGh[\Q G9OgOÛJI�,W�8�=�<�JIE+G [\Q G O3O9L9C ç+ì�êLër?;ç
L#M�QhGbwzE,<3],8�a�<3]bJIP <�Jz[�l�8>:I<gQh8sJI8>:"1p�,:IP9QoP9],8?8�]$aP �ìJIE,8Za�Pb]��,J�Ú�G?[\Q G O3O�L9C ç+ì�èz?)ëµêr<e[Øa�:I<gO3Og8"aR�Ï:;PbQTJIE,8fPb��JI[;<3a,8FJ;P?JIE,8	L9C ç+ì�êLëa?)ç
L�M�1Ø47]$ws8�JIE,8Za�Pb]���JpE$Gb[W�8>8>] <3]$[;8>:;J;8"a�<3]�J;P@J;E$8Z[mJI:IG�=äJ;�,W�89Ú�GAy�],P{=�] G QhP9�,]�JrP �ÛwsPb]$a��$wsJ;<3],H?8>l�P�Í�Stw�G ]RW|8f<3])(m8"w�J;8"aRJ;E,:IP9�$H9EJ;E$8NL�C ç+ì�è"?;ëµêF<g]�J;PRJIE,8NL�C_ç+ì¯êÚër?)ç
L�M�1ØDFE,8�[\J;:I8>]$H J;E�P �xJ;E,8?:I8�[;�,OgJ;<3],HRH9O3�,87(mP9<3]bJf<e[�[;P9O3<3aÛÚ�<3]$a�8�l|8�]$a�8�]bJP �|J;E,8NJI8�[\J;8�at8>l�P�Í�<g8"[>1x�d]���Gbw�JØ[;8>698�:IG9O9JI8�[\Jp[\8�OgOe[�E$G�698NQ G <3]�JIG <3],8"a�[;8>698�:IG9Obl|[\<�P{6b8>:Il,:;8"[;[;�,:I8r�ÏP9:Ä],8"G :IOgS],<3],8?QhP9]�J;E|[F=�<�JIE,P9��JfO38�G9y�<g],H|1�d]�J;P?JIE,8@a�P9]���J"Ú�<gJ.<e[.],8�w>8�[I[;G9:;StJ;PtH9O3�,8fJIE,8Z<3]$[;8>:;JpJ;E|G{JFW|P9J;E�E,PbO3a$[ØJIE,8A[\J;:zG�=ùJ;�,W�8ZJIE,8@wzE$G QtW|8�:8>]|a+l,OeG{J;8tG ]$a�E,PbO3a$[fJIE,8�ws:I<3QRl^l,<g]`1f�d]+P9:za�8>:fJ;P�Hb�$G :zG ]�JI8>8?G H9P�P�a�H9O3�,8�(mPb<g]�JAW|8>Jm=.8�8>]�J;E$8ta�Pb]��,JG ]|a�JIE,8?<g]|[\8�:\J"Ú,GR[;Q G O3O9L�C_ç+ì)CPO èÇE$G9[FW�8>8�]�Q GbwzE,<g]$8�a&P9]&J;E,8@JI<gl�P �xJ;E,8?<3]$[;8>:;J�1Ä���rGt�$],<��ÏPb:;Q wsPbG J�P �H9O3�,8R<3[AG l$l,Og<38�aªJ;P&J;E,8RP9�,JI[;<3a�8RP �pJ;E,8QOW�<é§ì§ëµê-ÚìJIE,8>]�=�E,8>]�<�J?<e[Z<3]$[;8>:;J;8�a^<g]�JIP�JIE,8Ra,P9]���J�ÚìJIE,8R8>l�P�Í�SJ;8�]$a,[pJ;PRwsP9O3O38�w�JN<g]�W|P9J;E JIE,8RL9C ç+ì�CPO è^G9]$a W�8sJm=N8>8>]�J;E,8SOW�<é§ì4ëµê.G ]$ahJIE,87wzE|G Q�W�8>:.8>]$a�l,O3G J;8b1�6ØÍ,G9w�JIOgS=�E,8�:;8t=.8�]$8>8�a^<�J7J;P&H9�$G9:IG9]bJI8>8�G�H9P�P�a+8>l�P�Í�S�[;8�G9O-1AkZ[;<g],H�J;E,8"[\8R[\l�8�w><3G9OgO3S+a�8�[;<3H9],8"a��Ï8>8�aªJ;E,:IP9�$H9E[;S�[\J;8�Q [>Ú�=N8?G :I8@G9W,O387JIP P9W�JzG <3]�Ghw>P9]$a��|w�J;<3],HhHbGb[mc�J;<3H9E�J�(mP9<3]�Jf=�<�JIE�G9OgOxwsP9]|a��$w�JI<g]$HR8�l|P�Í�<38�[NJIE$G{J�=N8E$G�6b8ZJI:;<38�aÛ1

straw tube

endplate

donut

insert

glue troughglue port

glue lip

��<gHb�,:I8&0,1 j$2l&�DFE,8ªMN�ªk·a�8�[;<gHb],8�aß�Ï8>8"aæJ;E$:;Pb�,H9E$[t=�E,<ewzEäl,:IP{6�<3a,8&G^[;P9O3<eaßH9O3�,8�(mP9<3]�JRW�8sJm=N8>8�]ßJ;E$8[\J;:zG�=Fc-JI�,W|8 G9]$aªJIE,8 8>]|a^l,OeG{JI891�DFE,8hO38s��J;c�E$G9]$a��$H9�$:;8 [;E,P{=f[@G ]Ç8sÍ�l$G ]|a�8�a�6�<g8�=?Ú`=�E,<3Og8RJIE,8 :;<3H9E�J;cE$G9]$a�[\E,P{=f[.JIE,8@�Ï8>8"a�JIE,:IP9�,HbE$[F<g]&J;E$8�wzE$G QtW|8�:�8>]$a�l,OeG{JI8�[�1
��<gHb�,:I8t0,1 j�B�[\E,P{=f[7[\8�698�:IG9O`l,E,P9J;PbH9:zG l,E$[ZP �ØJIE,8Rl,:;P9J;P9JmS�l�8t[\J;:zG�=Fc�J;�,W�8�wzE$G9Q�W�8>:AW|8�<g],H�W,�,<3OgJ@G JMN�ªk�19�,Pb�,:ÄJ;�,W�8�[Øl|8�:rO3G�Sb8>:rG :I8.W�8><3],H?l,�,JØ<g]�J;PAJIE,<3[pwzE$G QtW|8�:�Ú =�<gJ;Ehl$G9:\JI<3w>�,OeG :Ä8>Qhl,E$Gb[\<e[ÄP9]RQ G y�<3],H[;�,:;8�J;E$G J7=N8�E$G�6b8�W�P J;E^J;E,8tJ;:zG ]|[\<gJ;<3P9]+�Ï:IP9Qñ[\J;:zG <3H9E�JfJIP&[\J;8>:I8>P&G ]$a��Ï:IP9Qñ[\J;8�:;8�P�W$Gbwzy�JIP&[\J;:zG <3H9E�JOeG�S98>:z[�1xX7�,:;<3],H�w>P9]$[\J;:I�$w�JI<gPb]YÚ9=�<3:I8�J;8�]$[\<3P9] E|G9[rW�8>8�]�w>G :I8s�Ï�$OgO3StQhPb],<�JIP9:I8�aÛ1r���,QhQ G :I<38�[rP9��JI8�[\JI[ØJ;E$G JE$G�6b87W�8>8�]�l�8>:;�ÏP9:IQh8�a�a��,:I<3],HRJ;E,8�w>P9]$[\J;:I�$w�JI<gPb]�P9�xJIE,8�ö�f�ö+w�G ]�W|8@�ÏPb�,]$a�<3]�:I8s�Ï8�:;8�]$ws8�� j�U¦��1

I�J,Ý�J,Ý TqRzy�<�T�y«v VXy+[U=>}üxpo�TU{sS¯Wuy+Y
DFE,8h�,Pb:;=FG :zaªX7:;<g��JtM.E$G QtW|8�:A[;S�[mJI8>Q¨âLò9f�ö|ãA<e[A�$[;8�a+JIP�JI:IGbwzy+wzE$G :IH98"a+l$G :;J;<ewsO38�[AwsPbQh<g],H&�Ï:IP9QðJ;E$8ÈRÉ�ÊYË�ÌTJIG9:;Hb8sJp=�<gJ;E&l|PbO3G9:NG9],H9O38�[.�,l�JIPtLbvlc{1rDx:IGbwzy�[pG{J�G ]$H9O38�[ØHb:;8"G{JI8>:ØJIE$G ]�2�v�cZG9O3[;P�l$Gb[;[pJ;E,:IP9�$H9EJ;E$8/ö«f�öÎa�8>J;8�wsJ;Pb:�G ]$aù<�Jz[ G9[I[\P�w><3G J;8�aùa�P{=�]$[\J;:I8�G9Q�8>]$a�l$O3G J;891)X7�,8�J;PÇJIE,8ª[\l$<g:zG O3<g]$H^JI:IG;(m8�w�JIP9:I<g8"[P �NJ;E$8�wzE$G :IH98"a^l$G9:\JI<3w>Og8"[?G ]$a�JIE,8 E,<3H9EàQ��,OgJ;<3l,O3<3w><�JmS�P ��wzE$G :IH98"aªJI:IGbwzy�[7l|G9[I[\<3],H�J;E,:IP9�$H9E�J;E,8¢ò9f�öYÚ<gJh<e[ ws:I�$w><3G9O.�ÏPb:hJ;E,<e[ [;S�[\J;8�Q�J;PàW�8+G W,O38�J;Pàl,:IP{6�<ea�8�GÇ[;��è�ws<38>]�J ]��,Q�W�8>: P9�7Qh8�Gb[\�$:;8�QR8�]�JI[R=�<�JIEG l$l,:;Pbl,:I<3G J;8Ø:I8�a��$]$a,G ]|wsSAJ;P78>]$G9W,Og8.Og<3],y�<3],HZP9�,J;E,8NE,<gJI[x�Ï:IP9QýJ;E,8Fa�<?3�8�:;8�]�J`J;:zG9wzy�[`=�<�JIE�E,<3H9ERG9w>w>�,:zG9wsSbÚ=�E,<3Og8tl,:IP{6�<ea�<3],H H9P�P�a+[;l$G{JI<3G9O`:I8�[;P9O3��J;<3P9]�=�<gJ;Eª:I8�Gb[\Pb]$G W,O38�a�<3:;8"w�JI<gPb]+<g]��ÏPb:;Q G J;<3P9]Y17M.�,:I:I8>]�J7[\J;�$a�<38�[
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��<gHb�,:I8&0,1 j�B<& DFE,8��,l$l|8�:\c�Og8>��JRl$<3wsJ;�,:I8�[;E,P{=f[�J;E,8�l,:IP J;P9JmS�l|8�wzE|G Q�W�8>:h[;�$[\l�8>]|a�8�aßG9]$aß<3]ßl�Pb[;<�JI<gPb]J;Pà[\J;:I<g],HÇ=�<3:;8"[>1ßDFE,8��,l$l|8�:\c�:;<3H9E�JRl,<3wsJ;�,:I8+[\E$P{=f[t[;8>6b8>:zG Opl|G :;J;<eG OFO3G�Sb8>:z[�P9�ZJ;�$W|8"[tHbOg�$8�aù<g]�J;P�J;E$8l,:IP JIP JmS�l|8�ö«f�ö`1ÄDFE$87O3P{=.8�:\c�O38s��JØl,<ew�JI�,:;8@[;E,P{=f[rJIE,87[IG Qh8fJI�,W�8�[NG{JpJIE,8AOgP{=N8>:.l,O3G J;8b1ÄDFE$8ZO3P{=.8�:\c�:;<3H9E�Jl,<ew�JI�,:;8?<e[NJIG9y98�]��Ï:IP9Qá�$]$a�8>:fJ;E,8?O3P{=.8�:Fl,O3G J;8?[;E,P{=�<g]$Hh[;8>6b8>:zG OÛws:I<3QRl�8�a&=�<3:;8"[F<g]�J;E$8�wzE$G QtW|8�:�1

=�<gJ;E�J;E,8V'	)�3�í�éµêF�+P9]�J;8�MNG :IO3Ptl,:IP9Hb:IG9Q
<g]$a,<3w�G{J;8@JIE$G{JFJI:IGbwzy E,<�JZw>P�P9:za�<g]|G{J;8"[.[;E,Pb�,O3a&W�8?QR8"G9[;�,:I8�aJ;P G9]�Gbw>w>�,:IGbwsShP �F2"U9vt�ÛQ <g]�P9:za�8�:.JIP�G9wzE,<38>6b8ZJIE,8�a�8"[\<3:;8"a�QhPbQR8�]�J;�,Q :;8"[\PbOg��JI<gPb]��ÏPb:FJ;E,8�wzE$G9:;Hb8�aJ;:zG9wzy�[N<3]&JIE,8@�$]$G9OY[mJzG{JI891�d]ÎJ;E$8^ws�,:I:I8>]�J&a�8>J;8�wsJ;Pb:�a�8�[;<3H9]YÚFJIE,8pò9f�ö|[�<g]$w>Og�|a�8ª�ÏPb�,:�[;8>l$G9:IG J;8+W,��J�<3a,8>]�J;<ew>G9O7a�<e[\y�cd[\E|G l�8�al,OeG ]$G9:�a�:I<���J�wzE$G9Q�W�8>:z[ â��+þÐX?M�� [Iã?Gb[?[\E$P{=�]�<3]ß��<gH|1Y0,1CBb��1:6.G9wzEÇl$G9wzy{G9H98R=�<gO3OØ<3]$wsO3�$a�8�[;<�ÍÇO3G�Sb8>:z[P �rG OgJ;8�:;]|G{J;<3],H G ]$P�a,8@G9]$a&�$8>Oea�cd[\E|G l,<3],H =�<3:;8"[�[;G9]$a�=�<ewzE,8�a&W|8>Jm=.8�8>]�l,OeG ],8"[�P �rw>G J;E,P�a�8?[\J;:I<gl|[>1pDFE$8J;P9JIG9OfJ;E$<3wzy�],8"[;[�P �?8�GbwzE�l|G9wzy{G Hb8+<3[�8�[\J;<3QhG J;8"a�J;PäW�8ª:IP9�,HbE,O3Sùv,132"UÇHbQ�8{wsQ ×91 gf8><3H9E�W�P9:I<g]$Hæ=�<g:I8l,OeG ],8"[r=�<3OgO,W�8f:IP JzG{J;8"a�W�SR09vlc�=�<�JIE :;8"[\l�8�wsJrJ;P?8�GbwzEtP9J;E,8�:Ø<3] P9:za�8>:�J;P�<gQhl,:IP{698.J;:zG9wzy�:I8�w>P9]$[\J;:I�$wsJ;<3P9]a�8"ws<e[\<3P9]$[@Pb]ÇJ;E,8�w>P9:I:;8"[\l�P9]$a,<g],H+G9],P�a�8h=�<g:I8 Og8>��Jµ8{:;<3H9E�J�G QtW,<gHb�,<gJ;<38�[�Ú`E,8�]$ws8 <3Qhl,:;P{6�<3],H�J;E,8 P{6b8>:zG O3O:I8�[;P9O3��J;<3P9]Y1riNS&wzE|G :IH98A<g]�J;8�:;l�P9OeG{JI<gPb]&P9�xJIE,8?8>O38�wsJ;:IP9]�G�6{G OeG ]$wzE,8A<3QhG9H98?wzE$G9:;Hb87<3]�J;E,8�w�G{JIE,P�a�8?[mJI:;<3l:I8�G9a,P9��J"Ú,[\l$G J;<eG OÛ:I8�[;P9O3��J;<3P9]|[NG JFJ;E,8�w�G{J;E$P�a,8?l,O3G9],8�[�G9:;8A8sÍ�l�8�wsJ;8�a�P9��W�8sJ;J;8>:fJ;E$G9]Ç2�U v��ÛQ�1DFE,8?Pb:;<38>]�JIG J;<3P9]�P ��J;E,8tw>G{JIE,P�a�8�[\J;:I<gl$[fP9]�8><gJ;E,8�:Z[;<3a�8?P9�xJIE,8�=�<3:;8"[FE$G9[fS98sJ�JIP W|8ta�8�w><3a�8"aÛ1.DFE$8P9l,J;<3QhG9O`:I8�[;P9O3��J;<3P9]+P9�rJ;E,8�E,<�J?wsP�Pb:Ia�<3]$G J;8�G O3P9]$HhJ;E,8t=�<g:I8ta�<3:I8�w�JI<gPb]+<3[ZP9W�JzG <3],8�aª=�E,8>]�JIE,8tw�G{J;E$P�a,8[\J;:I<gl$[.G :I8fl�8>:Il|8�]$a�<ews�,OeG :pJ;P?JIE,87G9],P�a�8Z=�<3:;8"[>1��d]hJ;E$<3[NwsPb]��$H9�$:IG J;<3P9]RJ;E,8�:;87<3[p],P�Ù��$G9]bJI<gç"G{JI<gPb] P �ÛJ;E$8l�Pb[;<�JI<gPb]ÇQh8"G9[;�,:;8�Qh8>]�J?:;8"[\�,OgJ;<3],H��Ï:IP9QòJ;E,8�a�<e[Iws:I8sJ;8 ]|G{J;�$:;8 P9�.JIE,8�G ]$P�a,8R=�<3:I8�[�â�<-1 891�J;E,8�w�G{J;E$P�a,8Qh8�Gb[\�,:I8>Qh8�]bJÄ<3]�J;E$8Fw>P�P9:za�<g]|G{J;8Nl�8>:Il|8�]$a�<ews�,OeG :�J;P7J;E$8N=�<3:I8�[Ä[\<3Qhl,O3S?OgP�w>G J;8"[`JIE,8F=�<g:I8Nl|P�[\<gJ;<3P9]|ãs1�DFE$8
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<e[;[;�,8RP �rJ;E$8RPbl�J;<3Q G O�8>O38�wsJ;:IP�a,8Rw>P9]��$Hb�,:zG{J;<3P9]��ÏPb:ZJIE,8:ò9f�öÇwzE$G9Q�W�8>:z[Z=�<3OgOÄ�,OgJ;<3Q G{JI8>O3S+W|8 G ]|[\=N8>:I8�a�ÏP9:AÈRÉ�ÊYË�Ì��Ï:IP9Qo[\J;�|a�<g8"[NP ��Gtl,:IP JIP JmS�l|8@w>G J;E,P�a�8@:I8�Gba�P9��J�wzE$G9Q�W�8>:.J;E$G JF<e[�ws�$:;:I8>]�J;O3S W�8><3],HRJ;8�[\J;8"aG{J�2b843ì8>:z[;P9]&_xG W�P9:zG{JIP9:ISªâ�a�<e[;w>�$[I[\8"a�OeG{JI8>:f<3]�J;E,<e[f[;8�w�JI<gPb]|ã�1r�d]�JIE,8�ws�,:I:I8>]�J�ò�f�öª[;S�[mJI8>Qoa,8�[;<gHb]YÚ�J;E$8w>G J;E,P�a�8R[mJI:;<3l$[ZP9]ª8�<�JIE,8>:@[\<ea�8tP �rJ;E$8tG ]$P�a,8�l,OeG ],8tG :I8�G :I:IG9],H98"a�<g]^GXW
G ]|a^ÔéHb8>P9Qh8>J;:IS&G{J)�7j�Ulc=�<gJ;Eæ:I8�[;l|8"w�J�JIP+J;E,8�=�<g:I8�[�1�DFE$<3[�J;8�wzE$],<3Ù��,8�P ��8>Qhl,O3P{S�<g],HªG^[mJI8>:I8>PªG ]$H9O38 QhG�S�l,:IP{698h6{G O3�$G W,O38�<3][;8>l$G9:IG J;<3],HRG9]$a�G9[I[\<3H9],<3],HRQ��,OgJ;<3l,O38�E,<gJI[�=�<gJ;E$<g]+GhwzE$G QtW|8�:FJ;PRJ;E$8�a�<_3ì8>:I8>]�J�JI:IGbwzy�[�1DFE,8hW$Gb[\<ewhwzE$G QtW|8�:A8�Og8�Qh8>]�J�<3[?G�a�<e[;yªP �FP9��JI8>:@:zG9a�<3�$[?09v�wsQ�Úx=�E,8>:I8RJ;E,8 =�<3:;8"[?G :I8R[\J;:I�,],H+Gb[wsPb:Ia$[7Gbws:IPb[I[�J;E$8hwzE|G Q�W�8>:@G9[A[;E,P{=�]^<3]���<3H$1Û0,1 jbL$1Aþ)<gJ;EàG&=�<g:I8sc�J;P9c�=�<3:;8t[\l$Gbws<3],H�P9�NU�1 v�QhQ�ÚY8"G9wzEwzE$G9Q�W�8>:@l,OeG ],8R=�<gO3OØwsPb]�JIG <3]ä2b2��&G ],P�a�8R=�<g:I8�[�1��d]ÇG9a,a,<�JI<gPb]YÚÛJ;E$8>:I8t=�<3OgOrW�8 a�P9�$W,Og8RJIE,<3[@]��,QtW|8�:@P �w>G J;E,P�a�8?[\J;:I<gl|[FP9]�8�GbwzE&w>G J;E,P�a�8?l$O3G9],891rDFE,<e[fG QhPb�,]�JI[NJ;P�U9�bUtwzE$G ],]$8>Oe[Fl|8�:�ò�f�ö+wzE$G9Q�W�8>:�8�Og8�QR8�]�JG ]|a&L�Ub�{vRwzE$G9],],8>Oe[Fl�8>:�ò9f�öªwzE$G QtW|8�:Fl$G9wzy{G Hb891DFE,8�w�G{J;E$P�a,8�:;8"G9a�Pb��JfG9[�l$:;8"[\8�]bJIOgS&l,OeG ],],8"a�=�<gO3O`8�Qhl,OgP{S�2"BbU�è�é��.2�D�X?MN[��ÏPb:�J;E$8�G ],P�a�8�=�<g:I8a�:I<���JxJ;<3Qh8Ø:;8"G9a�Pb��J`G ]|ah2"B9UF�^ÿfç.���7X@MN[Y�ÏP9:`J;E,8pw�G{JIE,P�a�8Ø:I8�G9a,P9��J"1`DFE,<e[`=NP9�,OeaA8>]$G9W,O38pwsPbQRQhPb]$G O3<�JmS=�<gJ;E�JIE,8Z:I8�Gba�P9�,Jp8>O38�wsJ;:IP9],<ew>[.l,OeG ],],8"ah�ÏP9:pJ;E,8AP JIE,8>:ZÈRÉ�ÊYË�Ì¦a�8sJI8�w�JIP9:N[\�,W|[\S�[\J;8>Q [�1UgfP JI8fJIE$G{JF=�<�JIEG�w>OgP�wzy�:IG J;8�P9�F2�B9Uh�ªÿZç�Pb]�J;E,8R���ZX?MN[>Ú|J;<3Qh8��,J;J;<3],H&G9OgHbP9:I<�JIE,Q [�Q G{JIwzE$8�a�J;P�J;E,8RwzE$G QtW|8�:fl,�,Oe[;8[;E$G l�8�w>G9]�W|8�8�Qhl,OgP{Sb8�a&J;P�l,:;P{6�<ea�8�GRJ;<3Qh8�:I8�[;P9O3��J;<3P9]�P ��ÿ@BR]$[tâ�G9QRPb�,]�J;<3],HhJ;Piÿ7jbv��éP ��J;E,8�J;<3Qh8W,<3]+=�<3a�J;E|ãs1NDFE,<e[FJI<gQh<3],H�<3]��ÏP9:IQ G{J;<3P9]��Ï:IP9QoJ;E,8�w�G{J;E$P�a,8�[\<3H9]$G9O3[f=.Pb�,O3a�G9<3a�<3]�l|G{J\JI8>:I]�:;8"wsP9Hb],<gJ;<3P9]P �7Q��,OgJ;<3l,O38�JI:IGbwzy�[�l$G9[I[;<g],H^J;E,:IP9�$H9EæJIE,8�wzE|G Q�W�8>:t69PbOg�,Qh8b1ÇþÇ8�G :I8&G Oe[;Pª8sÍ�l,O3P9:I<g]$HªP9l�JI<gPb]$[R=�<�JIE���ZX?MN[N=�<�JIE&[;OgP{=N8>:NwsO3P�wzyt:zG{JI8�[�1ÄDFE$<3[NwsPb�,O3a�<g]&l,:;<3]$w><gl,O38A:;8"a��$ws8ZJ;E,8A8>O38�wsJ;:IP9],<ew>[.wsP�[mJz[.[;<gHb],<g�|w>G9]bJIOgS<g��=N8?w>G ]+Gbw>ws8�l�JFJ;E,8?l�P�P9:I8>:NJ;<3Qh8?:;8"[\PbOg�,J;<3P9]Y1

119 Wires (a)

60.0 cm

U Strip

V S
tri

p

3.5cm

(b)

PHOTON BEAM LINE
60 cm3.5cm

��<gHb�,:I8N0$1 j�L<&Y�ù�Ï:;Pb]�JFâ-GbãxG ]$at[\<ea�8?âÏW|ã�[;y98>JIwzE�P9��G ]�ò9f�ötl$Gbwzy�G9H98b1`�d]&â-Gbã`J;E$8.=�<3:;8"[ÄG :I8.[IwzE,8>Q G{JI<3w�G O3OgS<3]$a�<ew>G{JI8�a�Gb[rJIE,876b8>:;J;<ew>G9O,Og<3],8"[>1rDFE,8YW w>G J;E,P�a�8A[mJI:;<3l$[pG9:;8Z<g] �Ï:IP9]�JNP �ÛJ;E$8Z=�<3:;8"[pG ]|ahJ;E,8@Ô w�G{J;E$P�a,8[\J;:I<gl$[?G9:;8hW�8>E,<3]$a�J;E$8 =�<g:I8�[�1 DFE,8h�$8>Oea�cd[\E|G l,<3],H�=�<g:I8�[?G9:;8h],P9J?[;E,P{=�]Y1h�d])âÏW�ã@G�[;<ea�8 6�<g8�=TP �NJ;E$8�,l,l�8>:AE$G9O��ØP9�pG�[;<�Í�cdwzE$G QtW|8�:fl$G9wzy{G9H98�<e[7[;E,P{=�]Y17DFE,8�=�<3:;8tl,OeG ],8"[ZG :I8�[;E,P{=�]^Gb[�J;E$8ta,Gb[\E,8"a+O3<g],8"[>Ú=�E,<3Og8fJ;E,8Aw>G{JIE,P�a�8fl,OeG ]$8�[pG9:;8f[;E,P{=�] G9[ØJ;E,87[\PbOg<eahOg<3],8b1rVA:IP9�$]$ahl,OeG ],8"[rW|8>Jm=.8�8>]�Gba�(\G9w>8>]�JpwzE$G9Q�W�8>:z[G :I8@],P Jf[;E,P{=�]Y1
DFE,8F=�<3:;8"[�J;E$G Jpws:IPb[I[`JIE,:IP9�,HbE�JIE,8fW�8�G QTOg<3],8�:I8�Ù��,<3:;8�[;l|8"ws<eG O�J;:I8�G J;Qh8>]�JrJIPAE|G ]$a�O38FJ;E$8�P J;E$8>:I=�<3[;8�,],Q G9]$G Hb8�G W$Og8A:IG J;8"[>1Ø��8�698>:zG Oìl�Pb[I[\<3W,<3Og<gJ;<38�[ZG :I8Aw>�,:;:I8>]�JIOgS�W�8><3],H�w>P9]$[;<3a,8>:I8�aÛ1ÄDFE,8@�$:z[mJ�<e[FJ;P a�8"G9a�8�]J;E$8Z=�<3:;8"[ØP9�,JpJ;PtG?:IGba�<3�$[ØP9��ÿAL,1CU@wsQ
W�Stl,OeG9w><g]$H�G?Q G{JI8>:I<3G9O|[;�$wzE�G9[N��JmS�:;P9�ÏPbG Q
G :IP9�$]$atJ;E,8�Q¦Pb:ØJIP<3]$wsO3�$a�8@[\�$l,l|Pb:\J�[\J;:I�$w�JI�,:;8"[.G9:;Pb�,]$ahJIE,8@W|8"G QéO3<g]$8ZJIPt:I8>QhP{698fJ;E,8A=�<g:I8�[N8�]bJI<g:I8>O3SR�Ï:;PbQ
J;E,<e[N6�<3w><g],<gJmS91DFE,8@�$]|G OYa�8"ws<e[\<3P9]�=�<gO3OYW�8?W$G9[;8�a&P9]�W$Gbwzy�Hb:;Pb�,]$a&G ]$a�a�8"[\<3H9]�[mJI�$a�<38�[�1DFE,8Fl,:I<gQ G9:;S�a�8�698�OgPbl,Qh8>]�Jr<3[I[\�$8�[rG9[I[;P�w><3G J;8"a�=�<gJ;ERJ;E,8qò9f�ö|[ÄJIE$G{JrQt�$[mJØW�8fG9a$a�:;8"[;[;8�atG :I8p��Gbw�JIP9:z[G)3ì8�wsJ;<3],HÇJ;E,8+<3]�J;:I<g]|[\<ew�:;8"[\PbOg��JI<gPb]äP9�ZJ;E$8ªwzE$G QtW|8�:I[�Ú.G9OgPb],H�=�<gJ;E�JIE,8+Qh8�wzE$G9],<3w�G O�G ]|aä8�Og8"w�J;:IP9]$<3w�[OeG�S9P9�,J�1xDFE$8�H9PbG9O�<3[rJ;P�wsPb]$[\J;:I�$w�JØGAJ;:zG9wzy�<3],H@a�8sJI8�w�JIP9:ÄJIE$G{JpQh8�8sJI[rJ;E,8�:I8�Ù��,<3:;8"ata,8�[;<gHb]h[;l�8�ws<g�|w�G{J;<3P9]|[G ]|ahE$G9[.G?OgPb],H�O3<��Ï8ZJ;<3Qh89Ú�G?�,],<g�ÏP9:IQéG ]$ahl,:I8�a,<3wsJIG W$Og8f:I8�[;l�P9]$[;89Ú�G?E,<3H9E 8sè�w><g8�]$wsSbÚ�G9]$ah<3[N[;8>:I6�<ews8"G W,O38
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<3]�w�G9[;8@P ��w>P9Qhl�P9],8�]bJF��G9<gO3�,:I891����Ý Ì !�'ì���/Ýt*�#{��!�ðY����¹x%-�9É
DFE,8Ø<3],<gJ;<eG O�[\l�8�w><��|w�G{JI<gPb]$[ì�ÏP9:YJ;E,8ØOeG�S9Pb��JÛP ��J;E$8�ò9f�ö�[\S�[\J;8>Q E$G�698rW�8>8�]�[mJI�$a�<38�a@=�<gJ;E,<3]@J;E$8r�Ï:IG9Qh8>=NP9:IyP �|J;E,8Z'	)�3�í�éµêx�ªP9]�J;8fMNG :IOgP|1xDFE,8NH9P�G Oe[�P �,JIE,8�[;8�[mJI�$a�<38�[Ä=N8>:I8pJIPAw>P9]$[;<3a,8>:�J;E,8FW$Gb[\<ew.]��$Q�W�8>:ÄP ��ò9f�öwzE$G9Q�W�8>:�l$Gbwzy�G9H98"[p=�<gJ;E,<3]�J;E$8�[\PbOg8�],P9<ea�G9]$a&J;P wsPb]$[\<ea�8�:FJ;E,8?]��,QtW|8�:�P �Ä=�<g:I8@l,O3G9],8�[Fl�8>:�l|G9wzy{G Hb891�,Pb:�JIE,8�[;8&[\J;�|a�<g8"[>Úpl,<gPb]$[t=�<�JIEäQhP9Qh8>]�JzGªW�8sJm=N8>8>]�v,1CB9U+G9]$aßj|1 v�VA8>qðG ]$aùG ],HbOg8"[?�Ï:IP9Q÷U�cz2�v�c=N8>:I8?H98>]$8>:zG{J;8"a&G9]$a&J;E,8�QRPbQh8>]�J;�,Q·�,]$w>8>:;JIG9<g]�JmS�<3]�J;E$8?�ÏP9:IQoP9�{(\[ZÕ][T=FG9[�[\J;�|a�<g8"a+G9[fG �Ï�,]$w�JI<gPb]P �rQhP9Qh8�]bJI�,Q�1��x<3H$1�0,1 j9j�â�GbãF[;E,P{=f[F:I8�[;�,OgJI[Zw>P9Qhl$G9:;<3],H G�L{c�l$Gbwzy�G9H98A6�[>1�Ghj c�l$Gbwzy�G9H98?wsPb]��$Hb�,:IG J;<3P9]âÏ=�<gJ;Eýl$Gbwzy�G9H98"[�8�Ù��$G9OgO3SÐ[;l$G9w>8�aÐG9OgPb],HßJIE,8�W�8�G9Q O3<g],8�ã�1oÿZ8>:I8ªJIE,8àl,:;8�Og<3Qh<g]|G :IS�:I8�[;�,OgJI[&Q G y98Ç<gJG l$l$G :I8>]�J�JIE$G{JRJ;E$8�[;<g]$H9O38�J;:zG9wzyà:I8�[;P9O3��J;<3P9]`Úr<��7G9OgOFw>G J;E,P�a�8�G ]|aßG ],P�a�8�l�Pb[;<�JI<gPb]$[tw�G ]ùW|8�:;8"[\PbOg6b8�aJ;P 2"U9v��ÛQ�ÚZ<e[�<3Qhl,:;P{6b8�aÎW�SÎ:;Pb�,H9E$OgSÎGà��G9wsJ;Pb:&P9�tBÐâ��ÏPb:&l$<gPb]ÐQhP9Qh8>]�JIGùG W�P{698^BùVA8>q�8 w�ã�=�<�JIEJ;E$8Rj9c�l|G9wzy{G Hb8�wsPb]��$H9�$:IG J;<3P9]Y1��ZO�JIE,P9�,HbE^JIE,8h:;8"[\PbOg�,J;<3P9]^a�8"ws:I8�Gb[\8"[Z=�<gJ;EÇ<g]|ws:I8�G9[;<3],H�QhP9Qh8�]bJI�,Q�ÚY<gJ=NP9:z[\8�]$[pG JNG�]$P J;<ews8"G W,O3S [\O3P{=N8>:Ø:zG{JI8f�ÏP9:.J;E$87j9c�l$Gbwzy{G H98fw>P9]��|H9�,:zG{JI<gPb]Y1xDFE,87J;:zG9wzy�<3],H�[;S�[\J;8�Qáa�8�[;<3H9]l$G9:IG9QR8>J;8�:I[Øw�G ] W�8ZQh8sJN=�<�JIE�[;�$wzE�G�j9c�l$Gbwzy{G H98�w>P9]��$Hb�,:zG{J;<3P9]`1xÿfP{=N8>6b8>:"Ú <gJ.<e[ØJIE,8Z:I8�a��$]$a,G ]|wsStJ;E$G JJ;E$8 �ÏP9�,:;J;Eæl|G9wzy{G Hb8Rl$:;P{6�<ea�8�[AJIE$G{J�=�<3O3OpW�8�ws:I�$ws<eG Or<3]ßa�<e[\8�]�JIG ]$H9O3<g],H+Qt�,OgJ;<3l,Og8&wzE$G :IH98hl$G9:\JI<3w>Og8 E,<gJI[G ]|a�W$Gbwzy�H9:IP9�,]$a�=�<�JIE,<3]&JIE,8?:I8�G9a,P9��JFJ;<3Qh8?=�<g]|a�P{=?1��<gH|1Û0,1 j9j|â�W|ãf[;E,P{=f[A:I8�[;�,O�Jz[f�ÏPb:?G�j9c�l$Gbwzy{G H98#ò�f�öà[;S�[\J;8�Qñ=�<�JIE�8"G9wzEªl|G9wzy{G Hb8twsPb]�JIG <3],<3],H�8�<�JIE,8>:j$ÚØU,Ú�Pb:t0+=�<3:I8�l,OeG ],8"[>1�ÿf8>:I8 JIE,8�j9c�OeG�S98�:�a�8�[;<gHb]æS�<g8�O3a,[RG+:I8�[;P9O3��J;<3P9]ßG9W|Pb��JhB9v�� =.Pb:I[;8hJ;E|G ]æ�ÏPb:J;E$8tU G ]|a�0 c�OeG�S98�:fa�8�[;<3H9]$[�1N�ZO�JIE,P9�$H9E�J;E$8�:;8"[\PbOg�,J;<3P9]�P ��J;E,8hUhG ]$a+0 c�OeG�S98�:Fl$G9wzy{G Hb8�[�G9:;8�G9W|Pb��JfJ;E$8[IG Qh89ÚbJ;E,8@0{c�OeG�S98>:.a�8�[;<gHb]�E$Gb[ØW�8>8>]�[\E$P{=�] J;Pt<gQhl,:IP{698fl|G{J\JI8>:I]�:I8�wsPbH9],<gJ;<3P9]h�ÏPb:.Qt�,OgJ;<3l,Og8AE,<gJI[.=�<�JIE,<3]GhwzE$G QtW|8�:�1
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��<gHb�,:I8F0$1 jbj+&`�ªP9]�J;87MNG9:;O3PA[\J;�|a�<g8"[ØwsPbQhl$G :I<g]$H7JIE,8�ò9f�ö :;8"[\PbOg��JI<gPb]t<3]+â�G�ãÄG?wsP9],�$H9�,:zG{JI<gPb]�=�<gJ;ERJ;E$:;8�8l$Gbwzy�G9H98"[�6�[>17�ÏP9�,:Al$Gbwzy�G9H98"[ZG ]|aßâÏW|ã7G�j9c�l|G9wzy{G Hb8�wsP9],�$H9�,:zG{JI<gPb]�=�<�JIE^j$ÚYU,Ú�G9]$a^0 =�<3:I8�l,OeG ],8"[Zl�8>:l$Gbwzy�G9H98b1
�NJ�JIE,8^l,:I8�[;8>]�J�JI<gQh8^J;E,8Ç�+P9]�J;8æMNG :IOgPæ=NP9:Iyä<e[�l$:;P�ws8�8�a�<3],Hß<3]Ð8"G :I],8�[\J�J;Päl|8�:\�ÏPb:;Q�a�8sJzG <3Og8"a[;S�[\J;8�Q G{J;<ew+[\J;�$a�<38�[�P �@J;E,8·ò9f�öÐa�8"[\<3H9]Î=�<gJ;E):I8�G9Og<e[mJI<3w�W$Gbwzy�H9:IP9�,]$a$[t<3]ÎJ;E$8^wzE$G QtW|8�:I[�1}DFE,<e[ =�<3OgO8>]|G W,O38��$]|G O.a,8�ws<e[;<gPb]$[?JIP^W�8�Q G9a�8&:;8�HbG9:Ia�<3],H�JIE,8�]��,QtW|8�:tP9��wzE|G Q�W�8>:tl$G9wzy{G9H98�[�ÚxJ;E,8�]��,Q�W�8>:tP �=�<3:;8fl$O3G9],8�[�Ú9JIE,8ZPbl�J;<3Q G O�:;P9JIG J;<3P9] W�8sJm=N8>8>] ]$8><3H9E�W|Pb:;<3],H�l$O3G9],8�[�Ú9JIE,8Z]��,QtW|8�:.P9�Yw>G{JIE,P�a�87[\J;:I<3l$[pG9]$aJ;E$8><3:F[;8>HbQh8>]�JIG J;<3P9]YÚ�G ]$a J;E,8AP9l�JI<gQ G9OL�9c�l�Pb[;<gJ;<3P9]$[.P �ÛJIE,8AwzE|G Q�W�8>:z[�1��ZO3[;P�],P9J;87J;E$G JFGb[.a,<3[Iws�$[I[;8�a <3]��8"w�J;<3P9] 0$1 j|1g2.�ÏP9:rJIE,8�ö�f�ö`Ú JIE,8F�$]$G9Oz�9c�8>Í�JI8>]�JrP ��J;E,8f[\J;:zG�=ßJI�,W�8fwzE$G QtW|8�:rE$G9[r]$P JrW|8�8>]h�$]|G O3<gç�8�aÛ1��d]J;E$<3[�w�G9[;8AG9]$a�P9J;E,8�:I[�Ú�J;E,8?a�8"[\<3H9]�P �xJ;E,8tö�f�ö+G ]$akò�f�ö+[;S�[mJI8>Q [NQ��$[\J�W|8?wsPb]$[;<3a�8�:;8"a�<3]�w>P9]$w>8>:;J�1p4Z�wsPb�,:z[\8ZJ;E,8A�$]$G9Oì:;8"[\PbOg��JI<gPb]��ÏPb:FwzE|G :IH98�a J;:zG9wzy�[p<e[.�$:IQRO3S�wsPb],],8"w�J;8"a�JIP�JIE,8?a�8�[;<3H9]&G9]$a�l�8>:;�ÏP9:IQ G ]$w>8P �082?)ê^M�J;E,8�ö�f�ö�G ]$a&JIE,8tò9f�ö�JI:IGbwzy�<g],HRl$Gbwzy�G9H98"[>1
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��<3H9�,:I8?0,1 j�U=&r��wzE,8�Q G{J;<ew?a�<eG Hb:IG9QéP ��GtJmS�l,<ew>G9O`w>G J;E,P�a�8?[\J;:I<gl�wzE$G QtW|8�:�1

Ýt*�����!u¹��/ðY�>#{%a¡%Ýt�x*+Ê·åp��#)É
MNG{JIE,P�a�8h[mJI:;<3l�wzE$G9Q�W�8>:z[tâ�MF�$MFãAG :I8�JmS�l,<ew>G9OgO3S�Q��,OgJ;<3=�<3:;8Rl,:IP9l�P9:;J;<3P9]$G9O�wzE$G9Q�W�8>:z[tâ-�+þÐnNMN[zã7=�<�JIEG+[;S�QhQh8sJI:;<ew a�:I<���JRws8>O3OØ<3]æ=�E,<ewzE�JIE,8�G9],P�a�8scdw>G J;E,P�a�8 [;l$G9w><g],Hh÷^<3[�8�Ù��$G OØJ;P�J;E$8�G ],P�a�8 =�<3:I8 l,<�JzwzE_ â-[\8�8���<gH|1`0,1 j�Ubã�1&�d]àJ;E,8"[\8�wzE$G9Q�W�8>:z[AJ;E,8&[\l$G J;<eG OØ:I8�[;P9O3��JI<gPb]ÇP9�.JIE,8�G9],P�a�8 :;8"G9a�Pb��J�<e[?Og<3Qh<�JI8�aÇJIP:IP9�,HbE,OgS _ Õ À 2"B�â�~f���,ã�1��d]+G�MF�$MÎJIE,8�l,:I8�w><3[;<3P9]+wsP�P9:za�<3]$G{JI8@<3[�PbW�JIG9<g]$8�a�W�S�Qh8�Gb[\�,:I<3],HRJ;E,8�wzE|G :IH98<3]$a��$w>8�a�P9]�G [;8>H9Qh8�]bJI8�a�w>G J;E,P�a�8?W�S�JIE,8�8�Og8"w�J;:IP9]�G�6{G OeG ]$wzE$8Z�ÏPb:;Qh8�a�Pb]&JIE,8�G ]$P�a,8?=�<g:I8?G9[f[;E,P{=�]<3]Î��<3H$1p0$1 j�0$â-Gbã�1 �,P9:hJIE,8^w�G9[;8�P9�AQt�,OgJ;<3l,Og8ªJ;:zG9wzy�[>ÚNGæ[\8"wsPb]$aÎ[\8�H9Qh8>]�J;8"aùw�G{JIE,P�a�8+:;P9JIG J;8�a�G{J�G9]G ]$H9O38f=�<�JIE�:I8�[;l|8"w�JØJIP�JIE,8f�$:z[\JNw>G J;E,P�a�8Aw>G9]�G Oe[\P�E$8>O3l J;Pt:;8"a��$ws87Q��,OgJ;<gc�E,<�JFG QtW,<gHb�,<gJ;<38�[pGb[.[;E,P{=�] <3]��<gH|1�0$1 j�0$â�W|ã�1ÄDFE,8Z[\J;8�:;8�P?J;8"wzE,],<eÙb�$8Z<e[p[;�,l|8�:;<3P9:pJ;P?JIE,87G9O�JI8>:I]$G{JI<g6b8�P �Y:I8�Gba�<g]$H?P9��JNP9],O3StPb],8Zw�G{J;E$P�a,8l,OeG ],8?G9]$a�GtE$<�Jf=�<3:;8@]��,QtW|8�:f<g]&J;E|G{JfQ��$O�JI<gl,O38�E,<gJI[FPb]+GR[;<3],H9O38@=�<g:I8@QhG�S�W|8?:I8�[;P9O3698"aÛ1DFE,8�Pbl�J;<3Q��$Qµw�G{JIE,P�a�8�:I8�G9a,P9��J�l$<�JzwzEa`á<3[Ra�8>J;8>:IQh<g]$8�aæW�S�J;E,8&=�<3a�JIEßP �FJIE,8�<3]$a��$w>8�aßwzE|G :IH98a�<e[mJI:;<3W,��JI<gPb]Y1Ä��JNE|G9[.W|8�8>]&[;E,P{=�]�W�S [;8>698�:IG9O,H9:IP9�$l$[rJIE$G{JFQh<g],<3Q G OÛa�<?3�8�:;8�]�J;<eG O�],P9]�c�O3<g],8"G :I<�JmS�âÚÿt2)�Rã<e[ØG9wzE,<38>6b8�at=�E,8>]b`AÕ;÷�� 2�âÏ891 H$1�� jb0��Ïã�1rDFE,<e[r:zG{J;<3P@<3[Ø8>Qhl,O3P{S98�at<3]tJIE,8Zw>�,:;:I8>]�J�ò9f�ö�a�8�[;<gHb]YÚbG9O�JIE,P9�$H9EP9l,J;<3QR<3ç�G J;<3P9] [\J;�$a�<38�[pG :I8N�$]$a�8>:I=FG�S�=�<�JIEhP9�,:rl,:IP JIP JmS�l�8fw>G{JIE,P�a�8�wzE$G QtW|8�:�1Ø4ZJ;E$8>:rH9:IP9�$l$[�� j��G�$E$G�6b8W�8>8>]àG W$Og8RJ;P�wsPb]$[\J;:I�$w�J?w>G J;E,P�a�8 wzE$G9Q�W�8>:z[Z=�<gJ;EÇO3G9:;Hb8>:c`AÕ)÷�:zG{JI<gP�[A=�E,<gO38hQ G <3]bJzG <3],<3],H�Gbw>w>8>l�JzG W,O38:I8�[;P9O3��J;<3P9]^G9]$a+Qh<3],<gQ G9OÄa,<_3ì8>:I8>]�J;<eG OÄ],Pb]�c�Og<3],8�G9:;<gJmS�W�S+�|[\<3],H�<3]�J;8�:;Qh8�a,<3G J;8t[\J;:I<3l$[AW|8>Jm=.8�8>]^w�G{J;E$P�a,8:I8�G9a,P9��J`]$P�a,8�[ÛJIE$G{JÄG :I8pw>G9l$G9w><�JI<g6b8>O3S7w>P9�,l,O38�aAJIPfJIE,8><3:xGba�(\G9w>8>]�J`:I8�G9a,P9��Jx[\J;:I<3l$[`Gb[`[;E,P{=�]?<g]t�x<3H$1"0,1 j���1DFE,<e[rP9l,J;<3P9]YÚb=�E,<3wzE w�G ]h[\<3H9],<g�|w�G ]�J;O3S�:I8�a��$w>8FJ;E,8fGb[;[;P�ws<eG{JI8�at:;8"G9a�Pb��JØwsPb[\JI[�Ú <e[ØG Oe[;PAW�8><3],H�w>P9]$[;<3a,8>:I8�a<3]&JIE,8��ÄX@M}a�8"[\<3H9]�[mJI�$a�<38�[�1��<3Q��,OeG{JI<gPb]$[r�Ï:IP9Q
~�8>�m1�� jb0��ìE$G�6b8Z[\E$P{=�]hJ;E$G J.:I8�[;P9O3��J;<3P9]$[ØP �xB9U��ÛQ¦�ÏPb:ØJ;E$87l,:I8�w><3[;<3P9] wsP�P9:za�<3]$G{JI8<3]ßG^MF�$M�wsP9�$O3aÇW�8�G9wzE,<38>6b8�a^�ÏP9:�Qh<3],<3Q��,QRc�<gPb],<gç�<g]$H+J;:zG9wzy�[@<g�NJIE,8�8�Og8"w�J;:IP9]$<3w�[?G ]$aà:I8�Gba�P9��J�w>P9�,OeaW�8Al$:;P{6�<ea�8�a&=�<�JIE&]$P9<e[\8?G ]|a�<3]�J;8>:;cdwzE$G ],]$8>O�HbG <3]�6�G9:;<eG{JI<gPb]$[.P �ÄOg8"[;[.J;E|G ]�v,1CUl�¦P9�`J;E$8A]$P9Qh<g]|G OÛl,�,Oe[;8E,8�<gHbEbJ"1rDFE,8fl,:I<gQ G9:;S���G9w�JIP9:ØO3<3QR<gJ;<3],H�J;E,8A[\l$G J;<eG O,:I8�[;P9O3��JI<gPb] P �YG�w>G J;E,P�a�87wzE$G QtW|8�:Ø<3[ØJ;E,878>O38�wsJ;:IP9],<ew],Pb<3[;8�P9��J;E,8�l,:I8�G Qhl,O3<g�$8>:"1æ4ZJIE,8>:���G9wsJ;P9:z[R[\�$wzEùG9[�J;E,8��,]$w>8>:;JIG <3]�JmS�<3]ßJIE,8�HbG <3]ßw>G9Og<3W,:zG{JI<gPb]$[�G9]$aw>G J;E,P�a�8Al,OeG ],8?a�<e[\J;P9:;J;<3P9]|[N[;E,Pb�,O3a&G Oe[\PRW�8@w>P9]$[;<ea�8>:I8�a&G9[N=.8�OgO�1rDFE,8@l,:I8�ws<e[;<gPb]�<g]&J;E$8@a,8sJ;8�:;Qh<3]$G{JI<gPb]P �NJ;E$8 l|P�[\<gJ;<3P9]ÇP �NJ;E,8 <3]$a��|ws8�aæwzE|G :IH98ha�8>l�8>]$a$[?Og<3],8"G :IOgSªPb]^JIE,8�[;<gHb]$G Ogc-JIP c�],P9<e[;8t:zG{JI<gP|1�gZP JI8hJ;E$G Jl,:I8�G9QRl$Og<g�$8>:Z],P9<e[\8�<3[Aa�P9Qh<3]$G{JI8�a�W�S&J;E,8t<g],l$��JAw�G l$Gbws<gJIG ]|ws8�G ]|a�J;E$G J7P9l,J;<3QhG9Oxw�G l$Gbws<gJ;<3698�w>P9�,l,O3<3],H:I8�Ù��,<3:;8"[�JIE$G{J�J;E,8à<3]�J;8>:;cd[mJI:;<3l}w>G9l$G9w><�JzG ]$w>8^W�8àQ��$wzE O3G9:;Hb8>:�JIE$G ] J;E$8Çw�G l$Gbws<gJIG ]|ws8^P9�tG�[mJI:;<3lÐJIPH9:IP9�$]$aX� j��G��1ß47l�8>:zG{JI<gPb]æ=�<�JIE,<3]ùGª:I8�G9Og<e[\J;<ew 8sÍ�l�8>:I<gQh8>]�JzG ON8>]�6�<g:IP9],Qh8�]bJt=�<gO3OF:;8"[\�,OgJt<3]ß:I8�[;P9O3��J;<3P9]|[Q��|wzE�w>OgP�[\8�:FJ;PhP9�,:fa,8�[;<gHb]&HbPbG OìP9�N2�U v��ÛQ�1�f] <3]�J;8�:;8"[mJI<g],H�Ù��,8"[mJI<gPb] :;8�HbG9:Ia�<3],H?w>G J;E,P�a�8fwzE|G Q�W�8>:z[r<e[rJIE,8ZwzE$G9],H98�<3]�[\S�[\J;8�Q�:I8�[;P9O3��J;<3P9]h=�E,8�]J;E$8>ShG :I8ZG Oe[\P?8�Qhl,OgP{Sb8�ahG9[.a�:I<���J.wzE|G Q�W�8>:z[fâ-�+þÐX@MN[zã�Ú�[;l|8"ws<g�|w>G9OgO3SRE,P9:I<gç�P9]�JIG9O$a�:I<���JNwzE$G QtW|8�:I[�1�DFE$8l,:I<g]|ws<3l,Og8"[FP �ÄP9l�8>:zG{JI<gPb]�P �rGh�+þÐX?MÐG9:;8?[;�$wzE�JIE$G{J�JIE,8?W�8�[\Jfl|P�[\<gJ;<3P9]�:I8�[;P9O3��J;<3P9]&<3[fGbwzE,<38>698"a�=�E,8�]J;E$8��$:z[mJØ8�Og8"w�J;:IP9]|[ÄJ;E$G Jp:I8�G9wzEtJ;E$8ZG ],P�a�8�=�<3:I8fa�:;<g��J.G9OgPb],HA�$8>OeahOg<3],8"[r<g]hJIE,8fl,OeG ]$8�P �ìJ;E,8Z=�<g:I8�[�1x���ì=N8wsPb]$[;<3a�8�:�GAV@�Z~f����6._`X)w>G9O3w>�,OeG{J;<3P9]¢� Lb����P �,JIE,8N�$8>Oea�O3<g]$8�[x�ÏP9:Ä[\�|wzEtGAwzE$G QtW|8�:Nâ-[\8�8.��<gH|1{0,1 jb�$â-Gbã;ã�Ú�J;E$8�$:z[mJf8�Og8"w�JI:;Pb]$[FJ;P :I8�GbwzE�JIE,8�G9],P�a�8?=�<g:I8?=�<3OgOYQhP�[mJZw>8>:;JIG <3],O3S&G9:;<e[\8A�Ï:IP9Q P J;E$8>:fO3P�w>G{JI<gPb]$[�=�<gJ;E,<3]�J;E$8a�:I<���J?ws8�OgO�1?DFE,<e[7Hb<g6b8�[Z:;<e[\8�J;P�],P9],c�O3<g]$8�G :I<gJ;<38�[f<3]ªJIE,8h[\l$Gbws8>c-JI<gQh8tw>P9:I:;8�O3G J;<3P9]�JIE$G{J?[mJI:;Pb],H9O3S�a�8>Hb:IGba�8J;E$8Rl�Pb[;<gJ;<3P9]Ç:;8"[\PbOg��JI<gPb]Y1?�d]ÇP9:za�8>:AJ;P�<3QRl$:;P{6b8�J;E$8t�|8>Oea�w>P9]��$Hb�,:zG{J;<3P9]ª�ÏP9:@J;E$8h�ªþÐX@M¬P9l�8>:zG{J;<3P9]`Ú�$8�O3a�cd[;E$G l,<3],H =�<3:;8"[�w>G9]�W�8�<3]$wsO3�$a�8"a�=�<�JIE,<3]+J;E,8�G9],P�a�8?l,OeG ],8�W|8>Jm=.8�8>]�8�GbwzE�G9],P�a�8?=�<3:;8b1.DFE,<e[fw>G9]
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(a)

(b)

��<gHb�,:I870,1 jb0+&x�dO3O3�$[mJI:IG J;<3P9]�=�<gJ;E$<g]�G�JmS�l,<ew>G9O��+þÐnFMùP �.â-GbãØJ;E,8@w>G J;E,P�a�8A:I8�G9a,P9��J.G9]$a^â�W|ãØJ;E,8A:;8"[\PbOg�,cJ;<3P9]�P9��G QtW,<3H9�,<gJ;<38�[F=�<gJ;E,<3]+G�MF�$M��ÏPb:FJm=.Phl$G9:\JI<3w>Og8@E,<gJI[�1
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1.07 mm

0.25 mm

1.63 mm

(a)

C1 C1 C1 C1 C1

C2C2C2C2

Anode wire

Cathode strips

(b)

        

C1

��<gHb�,:I8�0,1 j��=&7â�G�ã�17MF�$M}OeG�S9Pb��Jf=�<�JIE^G QhP�a�<g�$8�aªw�G{JIE,P�a�8�[\J;:I<gl+OeG�S9Pb��Jf�$[;<g],H�:;8"G9a�Pb��J7G ]|a�<g]�J;8�:;Qh8>ca�<eG{JI8t[\J;:I<gl$[tâ��Ï:IP9Q·J;E$8t�rD�_`�A�+a�8>J;8�wsJ;Pb:zãs1�âÏW|ãZDFE,8�8"Ù��,<g6{G9Og8�]bJ@ws<3:Iw>�,<gJZE,<3H9E,O3<gHbE�J;<3],H J;E$8tw>G9l$G9w><�JI<g6b8<3]bJI8>:Il|PbO3G J;<3P9]��$[;<g],HRJIE,8@Jm=.Ph<3]�J;8>:IQh8�a�<eG{JI8?[mJI:;<3l$[�1

wsO38�G9:;O3S <3QRl$:;P{6b87JIE,8@�$8�O3a�wsPb]��$H9�$:IG J;<3P9]&Gb[�[\E$P{=�]&<3]+�x<3H$1|0,1 jb�$â�W|ã�1

(a) (b)

��<gHb�,:I8�0$1 j��<&&V@�7~f����6p_`Xñw�G Oews�,OeG{JI<gPb]$[tP �Z8�Og8"w�J;:I<ew��$8�O3aùO3<g],8"[�â��ÏP9: G ¿ ½ v^�$8>Oeaäw>P9]��|H9�,:zG{JI<gPb]|ã=�<gJ;E,<3]ÇG&[;Ù��$G9:;8ta�:;<g��J�ws8�OgO��ÏP9:@G��bv�� G :IH9Pb]�c?2�v��ðM�4 × HbGb[ZQh<gÍ�JI�,:I8��ÏP9:@8�Og8"w�J;:IP�a�8tw>P9]��|H9�,:zG{JI<gPb]$[=�<gJ;E,Pb��J�â�G�ãFG ]$a&=�<�JIEæâÏW|ãN�|8>Oea�c�[;E$G9l,<g]$Ht=�<3:;8"[>1
��JÄ<3[Ä],P9J�y�],P{=�]RG{J�J;E,8�w>�,:;:I8>]�JxJ;<3QR8FE,P{=ä<g]$w>Og�|[\<3P9]tP �,�$8�O3a�c�[;E$G l$<g],HA=�<3:;8"[`=�<3OgO,G;3�8"w�JÄJ;E$8Nw�G{J;E$P�a,8l�Pb[;<�JI<gPb]Ç:I8�[;P9O3��JI<gPb]Y1�47],8 P9�FJ;E,8�w>8>]�J;:zG OpÙ��,8"[mJI<gPb]$[@JIE$G{J�=N8�G :I8h<g]�6b8�[\J;<3HbG{JI<g]$H&JIE,:IP9�,HbEÇPb�,:�~0/?Xl,:IP9Hb:IG9Qá�ÏP9:7J;E$8#ò9f�öÇ[;S�[mJI8>Q·:;8�HbG :za,[FJIE,8RP9l�JI<gQ G O�8>O38�wsJ;:IP�a�8�[\J;:I�$w�JI�,:;8t<g]^P9�,:Aw>G{JIE,P�a�8twzE|G Q�W�8>:z[�1��l�8�w><��|w�G O3OgSæ=N8&G9:;8&[\8�8>y�<g]$HªJ;P��Ï�,O3OgSæ�$]$a�8>:z[\JIG ]|aàJ;E,8&J;:zG9a,8sc�P;3Û[�W�8sJm=N8>8>]äJ;<3Qh<g],HÇ:I8�[;P9O3��J;<3P9]à�Ï:IP9QJ;E$8�=�<g:I8�l,OeG ]$8�[fG9]$a+[\l|G{J;<eG O`:;8"[\PbOg��JI<gPb]��Ï:IP9Q J;E$8�w>G J;E,P�a�8�l$O3G9],8�[�1NÿZP{=.8�698�:�Ú�=�<gJ;E+<3]$wsO3�$[;<gPb]+P �ÄJ;E$8�$8�O3a�cd[;E$G l,<3],H�=�<g:I8�[@G9]$a^Q G9<g]�JIG9<g]$<g],H�G�[;Ù��$G9:;8Ra�:I<���J�ws8�OgO�ÚY<3]àP9:za�8>:7J;P+G9wzE$<g8�698�Pbl�J;<3Q G Or:I8�[;P9O3��J;<3P9]`ÚJ;E$8�]��,Q�W�8>:7P �Øw>G J;E,P�a�8R[mJI:;<3l$[ZP9]+8�GbwzE+w>G{JIE,P�a�8�l$O3G9],8�<3]$ws:I8�Gb[\8"[�W�S�Gh��Gbw�JIP9:ZP9�ÄJm=.P�:I8>OeG{JI<g6b8@J;P�G9]G ]$P�a,8A=�<3:I8APb],O3S�l,OeG ],8�a�8"[\<3H9]`1DFE,8�W$Gb[\<ew�G O3H9P9:I<gJ;E,QµJIPàa,8sJ;8�:;Qh<3],8�J;E,8ªw�G{JIE,P�a�8�l|P�[\<gJ;<3P9]�P �7J;E,8ªwzE$G9:;Hb8�aßJ;:zG9wzyæ<e[RJ;PÇ�,J J;E$8wzE$G9:;Hb8�a�<3[\J;:I<3W,��J;<3P9]ªGbws:IPb[I[NJ;E,8Rw>G J;E,P�a�8�l$O3G9],891fDFE,<e[ZG9QhP9�,]�JI[fJ;P�a,8sJ;8�:;Qh<3],<3],H J;E$8�l�Pb[;<�JI<gPb]+P �rJ;E$8ws8�]�J;8>:7P �ØHb:IG�6�<gJmS��$[;<g]$H�J;E$8�:zG{J;<3P�P9�rJ;E,8��$:I[\JAG9]$aª[;8�w>P9]$a�QhP9Qh8�]bJz[ZP9�rJ;E,8RwzE$G :IH98�a,<3[\J;:I<gW$��J;<3P9]ªPb]J;E$8?l,O3G9],8@P ��J;E,8�[\J;:I<3l$[N�Ï:;PbQ � j��G��&

û,d$e �#e ½ fhgîji F û î�k>îf gîli F k�î � â�0,13292�ã
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=�E,8�:;8tø¨<3[ZJ;E,8t]��,Q�W�8>:AP �p[\J;:I<gl|[Z<3]�69P9O3698"aÛÚ+û�î ½	m ` <e[ZJ;E,8R[mJI:;<3l^wsP�Pb:Ia�<3]$G J;89Ú�G ]$an`T<e[fJIE,8�l,<gJIwzE^P �J;E$8Aw�G{J;E$P�a,8Z:I8�G9a,P9��J"1����`J;E,8@wzE$G :IH98"[ k î�Pb]�8�GbwzE�[mJI:;<3l�G9:;87QR8"G9[;�,:I8�ah=�<gJ;E&G9]&~f��� 8>:I:IP9:ØP9� º Ú�J;E,8�]=�<gJ;E Æs½ f î k î\Ú�J;E$8?�,]$ws8�:\JzG <3]�JmS�<g]iû3d$e ��e|<3[�Hb<g6b8>]�W�S�&

º d$e ��e ½ ºÆ Ð Bpo î û ×î â�0,132"Bbã
P9:

º d$e �#e ½ ºÆ � B\` × Á B,â�j
` × ã Á B,â��
` × ã Á Ñ�Ñ>Ñ3Ñ â�0,132�L�ã
DFE,8�:;8>�ÏP9:I8�JIE,8h:;8"[\PbOg��JI<gPb]�a�8�l|8�]$a,[?Pb]ªJIE,8 ]��,Q�W�8>:?P9�N[\J;:I<gl$[A�$[;8�aY1h�ªP9]�J;8�MNG :IOgP�[;<gQt�,O3G J;<3P9]$[@G9]$aP9l�8>:zG{JI<gPb]$G O$8sÍ�l|8�:;<38>]|ws8F�Ï:IP9Q
a�<_3ì8>:I8>]�JpHb:;Pb�,l$[rE|G�698f[;E,P{=�]RJ;E$G JpJ;E$8fP9l�JI<gQt�,Q¦]��$Q�W�8>:pO3<38�[ØW�8sJm=N8>8�]J;E$:;8�8AG9]$a �$6b8A[\J;:I<3l$[>1rDFE,8Al�Pb[;<�JI<gPb]�:I8�[;P9O3��J;<3P9]�<e[Fl�P�Pb:.=�E$8>]�P9],O3ShP9],8AP9:NJm=NPt[\J;:I<gl$[FG9:;87l,:;8"[\8�]�JFGb[J;E$8>:I8�<3[7],P9JZ8>],Pb�,H9E+<3]��ÏPb:;Q G{JI<gPb]YÚ�=�E,<gO38�<gJ7<3]$ws:I8�Gb[\8"[Z[;OgP{=�O3S�=�E$8>]ªQhP9:I8?JIE$G ]��$6b8�[\J;:I<gl$[7G :I8��$[;8�aÛ1DFE,87:;8"[\PbOg��JI<gPb]h�Ï�,]$wsJ;<3P9]�<3] J;E$<3[Nw>Gb[\8ZG9O3[;P�<3]$wsO3�$a�8"[ØJIE,87Gba,a�<gJ;<3P9]$G9O$8�Og8"w�J;:IP9]$<3w�]$P9<e[\8Z�Ï:;PbQ�8"G9wzE�[\J;:I<glY1ÿf8�:;8tJ;E$8>:I8RQt�$[\J@W�8 G ]�P9l�JI<gQh<3ç�G{JI<gPb]^P9�NwzE$G9Q�W�8>:@:;8"[\PbOg�,J;<3P9]+��Gbw�J;Pb:;<3],H�<g]�J;E$8ha,8�[;<g:I8�JIP�QR<3],<3Qh<gç�8J;E$8?]��$Q�W�8>:�P �Ä:I8�G9a,P9��JfwzE$G9],],8>Oe[.J;P�w>P9]�JIG9<g]�wsP�[mJz[>1
¸��9É"!|�-�`�"%�!�'®�	qp��� �¦É
~�8"[\PbOg��JI<gPb]+a�8>Hb:IGba,G{JI<gPb]&P9�Äw�G{J;E$P�a,8�wzE$G QtW|8�:I[�w>P9Qh8�[fl,:;<3Q G :I<gO3S �Ï:IP9QoJm=.P�[;P9�,:zws8"[>Ú,J;:zG9wzy�[F<g]|wsO3<g],8"a�Ï:IP9Q
J;E$8?],P9:IQ G O|J;PRJ;E,8A��Gbws8@P �xJ;E,8?wzE$G9Q�W�8>:�G ]$a&_YPb:;8�]bJIçAG9],H9O38A843ì8�w�Jz[>1r�d]�W�P J;E�w>Gb[\8"[.J;E,8?[;l$G{JI<3G9O:I8�[;P9O3��J;<3P9]?<e[Äa�8>Hb:IGba�8�a@W�8�w�G �$[;8ØJIE,8.G�6{G OeG ]|wzE,8pwzE$G9:;Hb8Ø<3[�a�<e[mJI:;<3W,��JI8�a�],P9]�c��,],<g�ÏP9:IQhOgS?G9OgPb],H�J;E$8NG9],P�a�8=�<3:;8@a��,8AJ;PRJIE,8@8>],8�:;HbSRO3Pb[I[.�$�$wsJ;�$G J;<3P9]$[F<3]�JIE,8@HbGb[>1ÄDFE,8?w>G J;E,P�a�8Al|P�[\<gJ;<3P9]�:I8�[;P9O3��J;<3P9]�<e[FP9l,J;<3Q��,Q=�E,8�]�J;E$8NG�6{G OeG ]|wzE,8Ø<e[`�ÏPb:;Qh8"a�G{JrGZ[;<g]$H9O38pl�P9<3]bJrG O3P9]$H�J;E,8N=�<3:;8b1��ä�$],<gJ;8F[\l|G{J;<eG O�8sÍ�JI8>]�J�P9��J;E,8�G9],P�a�8wzE$G9:;Hb8.:I8�[;�,OgJI[r<3] G@:;8"[\PbOg��JI<gPb]Ra,8>H9:zG9a$G{J;<3P9]Nr�1Ø��J;�|a�<g8"[ØP9�|JIE,8fnpÿ�6�gf�düÐw�G{JIE,P�a�8fwzE$G QtW|8�:q� j����$E$G�6b8[;E,P{=�]�JIE$G{JsréHbP�8"[FG9[G&
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DFE,8�ò�f�ö�l,:;P9J;P9JmS�l�8Zw�G{J;E$P�a,87wzE$G9Q�W�8>:pE|G9[ØW�8>8�]&a�8"[\<3H9]$8�ahl,:I<gQ G9:;<3OgStJ;Ptl,:IP{6�<ea�8��$[.8sÍ�l�8>:I<g8�]$ws87=�<�JIEw>G J;E,P�a�8?[\J;:I<gl�wzE$G QtW|8�:I[�1rDFE,:IP9�,HbE&a�8>JIG <3O38�a�[mJI�$a�S�P9�`J;E$<3[Fl,:IP JIP JmS�l�87=N87E$P9l�87JIPhW|8?G W$Og8AJ;PhW�8sJ;J;8>:�,]$a,8>:z[mJzG ]$a =�E$<3wzE�8�Og8"w�JI:;P�a�8Z[\J;:I�$wsJ;�,:I87G9]$ahO3G�SbP9��J.=�<gO3O��Ï�,O��|OgO|J;E,8@a�8"[\<3H9] :I8�Ù��,<3:;8�Qh8>]�JI[Ø�ÏP9:.J;E,8Z�$]$G Oò9f�ö�wzE$G9Q�W�8>:z[>1�DFE,8�l$:;P9J;P JmS�l�8�=�<3OgO�G Oe[\P l,:IP{6�<3a,8�<gQhl�P9:;JIG9]bJ7<g]$[;<3H9E�JI[�<3]�J;P JIE,8�Qh8"wzE$G ],<ew>G9O`a�8"[\<3H9]YÚJ;PbOg8�:IG9]$ws8"[>Ú�wsPb]$[\J;:I�$w�JI<gPb]&G ]|a�G9[I[;8>Q�W$OgShJI8�wzE,],<eÙ��,8�[�Ú�],P9<e[;87<3QhQ��,],<gJmS9Ú|G ]$a&w>G O3<3W,:IG J;<3P9]$[pJ;E|G{J�=�<gO3OÛW�8<3QRl�P9:;JIG9]�J��ÏP9:FJ;E$8@�$]$G O�ò�f�ö+a�8>J;8"w�J;Pb:Za�8"[\<3H9]Y1p��P9Qh8@P ��J;E,8?8�Og8�QR8�]�JI[�P9�xJIE,8tò9f�öªl,:;P9J;P9JmS�l�8?a�8�[;<3H9]E$G�6b8Aa�8"[;w>8>]$a,8�a&�Ï:;PbQéJ;E$8�w>G{JIE,P�a�8?wzE$G QtW|8�:I[F8�Qhl,OgP{Sb8�a&<g]&J;E$8?P9:I<gHb<g]$G9OÛ_`�7�$�&[;l�8�w�JI:;PbQh8sJ;8�:D� j�����1� [IwzE,8>Q G J;<ew@P �ÄJ;E,8#ò�f�ö+l$:;P9J;P JmS�l�8�wzE$G QtW|8�:f<e[Z[;E,P{=�]�<g]ªG9]�8>Í�l,OgP�a�8"a�6�<g8�=ý<3]ª��<gH|1|0$1 j��,1.DFE$8W$Gb[\<ew�wzE$G9Q�W�8>:AO3G�SbP9��JAwsP9]|[\<e[mJz[ZP9�ØJm=NP&w>G J;E,P�a�8tl,OeG ],8"[7=�<gJ;EÇ[mJI:;<3l$[7P9:I<g8�]�J;8�a^G{J»�7j�U'c�[;G9]$a�=�<ewzE,<3],HGR[\<3],H9O38Z=�<3:I87l,OeG ]$891rDFE,8AHbG9[.69PbOg�$QR87<3[Fa�8>�$],8"a�W�ShJm=NP�P9�,J;8>:FG O3�,Qh<3]��$Qé�Ï:IG9Qh8�[pJ;E$G JN8"G9wzE�<3]$w>Og�$a,8G ]ßG9Og�$QR<3],<3ç>8"aàQ�S�O3G9:?=�<g]|a�P{=?1+DFE,8�G9wsJ;<3698�G9:;8"G&P9�FJ;E,8�l$:;P9J;P JmS�l�8�wzE$G QtW|8�:�<e[�:IP9�,HbE,OgSÇB v+wsQ �B vhw>Q�Ú|G ]$a�J;E,8�wzE|G Q�W�8>:�<e[�G W�P9�,JZ�Rw>QáJIE,<3wzyì1DFE,8�J;8�[\JRwzE|G Q�W�8>:tE$G9[�l,�,:Il|P�[\8>�Ï�,O3OgSàW�8>8>]�a�8�[;<3H9],8"aÇJ;P�Gbw�JhG9[�GªJ;8"[mJRW|8"aæ�ÏP9:RG ]�SÇ]��$Q�W�8>:RP �8>O38�wsJ;:IP�a�8^wsPb]��$Hb�,:IG J;<3P9]$[�1���Pß��G :�=.8ªE|G�698ª=NP9�,]|a)=�<g:I8ªl,OeG ]$8�[�wsP9]|[\<e[mJI<g]$HßP9],O3S�P ��G ]$P�a,8^=�<3:;8"[
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��<gHb�,:I8Z0,1 jb�+&x��wzE,8�QhG J;<ew�:I8>l,:I8�[;8>]�JIG J;<3P9]hP �ìJIE,8�ò9f�ö�l,:IP JIP JmS�l|87wzE$G QtW|8�:Ø<g]�G9] 8sÍ�l,O3P�a�8�ah6�<38>=)[\E$P{=Fc<3],HRJ;E,8?=�<3:;8@l,OeG ]$89Ú�Jm=NP w>G{JIE,P�a�8@l,OeG ],8"[>Ú,G9]$a&J;E,8@Jm=NP G O3�,Qh<g]��,Qá=�<3]$a�P{=}�Ï:IG9Qh8�[�1

G ]|aÐl,OeG ],8"[&w>P9]$[;<e[mJI<g],H�P ��G9O�JI8>:I]$G{JI<g]$HùG ]$P�a,8ÇG9]$a)�$8�O3a�c�[;E$G l$<g],Hù=�<g:I8�[�1
þ�8àE$G�6b8�G9O3[;Pùa�8"[\<3H9]$8�aw>G J;E,P�a�87l,OeG ],8"[ØP �Y6{G9:;S�<3],H�:IP JIG J;<3P9]�G9],H9O389Ú�6{G :IS�<3],H�w�G{JIE,P�a�8Z[\J;:I<gl�l$<�JzwzEYÚ�G ]$a 6{G9:;S�<3],H�w>G J;E,P�a�87[mJI:;<3l[;8>l$G9:IG J;<3P9]$[�1xkZO�JI<gQ G{JI8>O3St8"G9wzE wsPb]��$Hb�,:IG J;<3P9]h=�<3OgO|W|8Z[\J;�|a�<g8"a <3] P9:za�8>:rJIP�wsPbQh8FJ;P�G9] �,]$a�8�:I[\JIG9]$a�<3],HP ��J;E$8?P9l�JI<gQ G OÛ8�Og8"w�JI:;P�a�8?[\J;:I�$w�JI�,:;8A�ÏPb:�P9�,:�l,�$:;l�Pb[;8�[�1DFE,8YW¬G ]|a�ÔTw�G{JIE,P�a�8Zl,OeG ]$8�[FG :I8fQh<g:I:IP9:.[;S�QhQR8>J;:I<3w7=�<gJ;E�:I8�[;l�8�w�J.J;PR8�GbwzE�P JIE,8>:"1rDFE,87w�G{J;E$P�a,8l,OeG ],8"[FG :I87wsPbl,l�8>:;c�w>O3Gba y{G l�JIP9]�[\E,8�8sJz[Aâ�ÿ@B�Qh<3OìJ;E,<ewzy�],8�[I[zãØQhP9�$]bJI8�a�P9]�J;P U�c�QhQ
J;E,<ewzy�VR2�v��Ï:IG9Qh8�[�1DFE,8fwzE$G9Q�W�8>:r<e[Øa�8"[\<3H9],8"atJ;P@P9l�8>:zG{JI8�=�<�JIEtJIE,8ZG9],P�a�8F=�<g:I8�[rG JØl|P�[\<gJ;<3698�E,<3H9Eh6bP9OgJIG Hb89Ú�JIE,8��$8�O3aR=�<3:;8"[G{J�],8�HbG J;<3698@E,<3H9E�69P9OgJIG9H98bÚ�G9]$a&J;E,8�w�G{JIE,P�a�8?[mJI:;<3l$[�G{JfHb:;Pb�,]$aÛ1DFE,8Rl,:I<g]�J;8"a^w><g:zws�,<gJ?W|P�G :za+�ÏPb:ZJIE,8h=�<g:I8�[A=FG9[@a�8�[;<3H9],8"a+J;P�w>G9l$G9w><�JI<g6b8>O3S+a�8�w>P9�,l,O38RE,<gHbE�6bP9OgJIG9H98�Ï:IP9Q¦J;E,8@[;<gHb]$G Oe[.G9]$ahJIP�:IP9��JI8fJ;E$8A[;<gHb]$G Oe[pJ;P�JIE,8AP9��JIl,��J�wsP9]$],8�wsJ;P9:"1ÄDFE,87l$:;<3]�J;8�a�ws<3:Iw>�,<�JFW�PbG :zah�ÏPb:J;E$8Nw�G{J;E$P�a,8�[x:;Pb��J;8"[YJIE,8N[;<3H9]$G9O3[�a�<3:;8"w�J;O3SAJ;P7J;E,8NP9�,J;l,��JrwsPb],],8"w�J;Pb:�1xDFE,8.W|G9[;<3w.ws<3:Iw>�,<�Jz[�P9]?JIE,8.W�PbG9:Ia$[G :I8�[;E,P{=�]+<g]ª��<3H$1�0,1CU v,1f��Q G9OgO�[\<3H9]$G9O`:IP9��JI<g]$H�ws<3:Iw>�,<�J7W|P�G :za,[fG{J;JIGbwzE�J;P JIE,8�Pb��J;l,�,JAwsPb],],8"w�J;Pb:I[FPb]J;E$8�=�<g:I8fG ]$aRw>G J;E,P�a�8fw><g:zws�$<�JØW�PbG9:Ia,[rG9]$aRwsP9]�JzG <3]tJIE,8�l,:I8�G9QRl$Og<g�$8>:z[��ÏP9:r8"G9wzER:;8"G9a�Pb��JØwzE$G ]$],8>O�1�DFE$8P9�,J;l,��J�wsPb],],8"w�JI[ØJ;PRG�[;E,<g8�O3a,8�ahJm=�<e[mJI8�a�c�l$G9<g:NOg<3],8ZJ;E$G J.:IP9��JI8�[pJ;E,8A[\<3H9]$G9O3[ØJ;P�J;E,8A:;8"G9a�Pb��Jp8�Og8"w�J;:IP9]$<3w�[â����A��D�iFk7�Ç2"���9��D�X?MN[ZG ]|a�2"�9�$2A�7X@MN[zã�1FDFE,8�[;<gHb]$G OÛ:I8�Gba�P9��JfW�PbG9:Ia$[F�$[\8"a&�ÏP9:�JIE,8�w>G J;E,P�a�8"[fG :I88�[I[;8>]�J;<eG O3OgSRJIE,8A[IG Qh8AG9[pJ;E,P�[\8A�$[;8�a �ÏPb:pJIE,8@G ],P�a�8A=�<g:I8Z:I8�Gba�P9�,J�1ÄDFE,87Pb],O3Sha,<_3ì8>:I8>]$w>87<3]�JIE,8?a�8�[;<3H9]<e[�G�l|PbO3G9:;<gJmS^[;=�<�JzwzEÇP9�pJIE,8�w>G J;E,P�a�8 [;<gHb]$G Oe[@W�8s�ÏP9:I8 [\8�]$a�<3],H�J;E$8�[\<3H9]$G9O3[AJIP�J;E,8�G9Qhl,Og<g�$8�:�G ]$a�J;E$8�ZX?M716pGbwzE�:I8�G9a,P9��J�wzE$G ]$],8>OìE$Gb[.<gJI[NP{=�]�G9[I[\P�ws<eG{JI8�a�.I���mn�0�l,:I8�G9QRl$Og<g�$8>:"1ÄDFE,8�[;8?[\<3],H9O38scdwzE$G9],],8>O|J;:zG ],c[;<gQhl�8�a,G9]$ws8&l,:;8"G Qhl,O3<��|8>:z[?=.8�:;8�P9:I<gHb<g]$G9OgO3S�a,8�[;<gHb],8�aÇ�ÏPb:�J;E$8&ÿZG9OgOFiéMN_`�7�ßa�8sJI8�w�JIP9:"1^DFE,8�S�E$G�6b8wsPbQhl,Og8�Qh8>]�JIG9:;SªPb��J;l$��JI[ta�8�[;<gHb],8�a�JIP^G Qhl,O3<��ÏSÇ[\<3H9]|G Oe[?W�S�G���G9wsJ;Pb:�P �fB�1CB9U&Qhq�8)�Y��1xiN8"[\<ea�8�[�E,<gHbEHbG9<g]`ÚØwzE$G :zG9wsJ;8>:I<e[mJI<3w�[�P ��JIE,8+���mnp[R<3]$wsO3�$a�8l& ��G9[\JR:I<e[\8�G ]$aà��G9OgONJI<gQh8�[�â-LªJIP^jÇ]$[IãsÚØ=�<ea�8��Ï:I8�Ù��,8�]$wsSW$G9]$a�=�<ea�J;EYÚ$=�<3a�8�a,S�]|G Qh<3wA:zG ],Hb89Ú,G9]$a�O3P{=}]$P9<e[\8?G ]|a�l�P{=.8�:fa�<e[;[;<gl|G{J;<3P9]àâ�0�UtQRþ}ãs1�d]�J;P9JIG OYJ;E,8�l$:;P9J;P JmS�l�8?wzE$G QtW|8�:f<g]|wsO3�$a�8�[�2�0 B v cÚ�ÛQ·a�<3G9Qh8sJ;8�:Z[;8>]$[;8@=�<g:I8�[fG9O�JI8>:I]$G{JI8�a&=�<�JIEª�9v c�ÛQoa�<eG Qh8>J;8>:F�|8>Oea&=�<3:I8�[�Ú�=�<gJ;E+GR=�<3:;8>c-JIP c�=�<g:I87[;8>l$G9:IG J;<3P9]&P �ÄU�QhQ G9]$a&Gh[\J;:I<gl,c-JIP cd[mJI:;<3l&[;8>l$G9:IG J;<3P9]P �f2�QRQ�1@DFE,8tw�G{JIE,P�a�8�l,OeG ]$8�[ZG9:;8�OgP�w>G J;8"a^UhQhQ G�=NG�S��Ï:;PbQoJIE,8�=�<3:I8�l,OeG ],8b17DFE,8�S�8�G9wzE+<3]$w>Og�$a,8LbB�w>P9l,l�8>:�[\J;:I<3l$[@=�<�JIEßG�l,<�JzwzEæP �fU&QRQ�1�DFE,:;8�8 a�<_3ì8>:I8>]�J�[;8sJz[?P �*W G ]$aæÔðw>G J;E,P�a�8 l$O3G9],8�[@E$G�6b8W�8>8>]&a�8�[;<gHb],8�ah=�<gJ;E&[mJI:;<3l�[;8>l$G9:IG J;<3P9]$[rP9�Yv,1CB9U@QhQ�Ú�v$1 U9v?QhQ�Ú�G9]$a�291 v?QhQ¦J;PRG O3OgP{=ù�ÏP9:pJ;E,87P9l�JI<gQ G OwsPb]��$Hb�,:IG J;<3P9]�J;P+W�8�a�8>J;8>:IQh<g]$8�aÛ1�nØ:I8�[;8>]�J;O3S+J;E$8�wzE$G QtW|8�:�<3[�P9l�8>:zG{J;<3],H�=�<gJ;EßG+�9v9�ðG :IH9Pb]^ct2�v��M�4 × HbGb[�Qh<�Í�JI�,:;8b1.npE,P JIP9H9:zG l$E$[NP ��J;E,8�l$:;P9J;P JmS�l�8�w>G J;E,P�a�8�wzE$G9Q�W�8>:fG9]$a&J;E,8�w�G{JIE,P�a�8?l,OeG ],8�<gJI[;8>Og�
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��<gHb�,:I8.0,1CU v+&�M.<3:Iw>�,<�JÄW�PbG :za?8�Og8"w�J;:IP9]$<3w�[Y�ÏPb:xJIE,8F[\8�]$[\8FG ]|a?�$8�O3a�=�<g:I8�[�Ú G O3P9],H7=�<�JIE�JIE,8�w>G{JIE,P�a�8.[\J;:I<3l$[>1

G :I8?[\E$P{=�]�<3]���<3H$1$0$1 U,291�}[;8sJNP �p2"�?=�<3:;8AwzE$G QtW|8�:I[pE$G�698fW�8>8�]�W�P9:I:;P{=N8�aR�Ï:IP9Q
�mkAMN�Ç<3]�Pb:Ia�8�:ØJIPtG9[I[;8>Q�W$Og8ZGtwsP�[\Qh<ew�:IG�SJ;8"[mJ�[\JIG9]$a^G J�2b843ì8>:z[\Pb]^_`G9W|Pb:IG J;Pb:;Sb1@DFE$<3[7J;8"[mJ�[\JIG9]$aª<e[@W|8�<g]$H&�$[;8�aªJ;P+a�8>�$],8tJ;:zG9wzy�[fJIE,:IP9�,HbEªJ;E$8ò9f�öRl$:;P9J;P JmS�l�8NwzE|G Q�W�8>:"1x�Î[IwzE,8>Q G J;<ew.a�:zG�=�<3],HZP9�$J;E$8NOeG�S9Pb��JxP9�$JIE,8�wsPb[;Qh<3w.:zG�S7JI8�[\JØ[mJzG ]$a�<3[r[;E,P{=�]<3]Ç��<3H$1Û0,1CU9B,1�DFE,<3[@[;S�[mJI8>Qñ8>Qhl,O3P{S�[AQ��,OgJ;<3l,O38ROeG�S98�:I[ZP �Fa�:;<g��J?wzE$G QtW|8�:I[@G W�P{698RG ]$a^W|8�OgP{= J;E,8:ò9f�öl,:IP JIP JmS�l|8twzE$G QtW|8�:�J;P&l,:;8"ws<e[\8�OgS�a�8s�|],8�JIE,8�JI:IG;(m8�w�JIP9:IS�P9�rG9]ª<3]$ws<ea�8>]�J@wzE$G :IH98"a�l$G9:\JI<3w>Og8�J;:zG9wzy&J;E$G Jw>G9]�W�87�$[;8�a�J;PRwsP9Qhl$G9:;8AG H�G <3]$[mJpJ;E,8Al|P�[\<gJ;<3P9]&Qh8�G9[;�,:I8�a <3] JIE,8�ò9f�ö�l,:IP J;P9JmS�l|8b1�DFE,8@wsPb]��$Hb�,:IG J;<3P9]P ��JIE,8.J;8�[\Jr[mJzG ]$a?<3]$w>Og�$a,8�[`Jm=.P�ÓéO3G�Sb8>:z[`G ]|a@Jm=.P	vÐOeG�S98>:z[`G9W|P{6b8rJ;E$87ò9f�ötl,:IP JIP JmS�l�8.G ]|a�GfQ G{JzwzE,<3],H[;8sJfP ���ÏP9�$:�O3G�Sb8>:z[.W�8>O3P{=?1pDFE,<e[�[;S�[\J;8�Q�Ú,P9]$w>8?l,:IP9l�8>:IOgS�w�G O3<gW$:IG J;8�aYÚ,[\E,Pb�,Oea�W�8�w>G9l$G W$Og8@P �ra�8>�$],<3],H GJ;:zG9wzy�J;P :IP9�,HbE,O3S�B vbv#�ÛQðG J�J;E,8tOgP�w�G{J;<3P9]�P9��JIE,8�ò9f�öªl,:IP JIP JmS�l|8b1N� l,E,P JIP9Hb:IG9l,E�P ��J;E,8�J;8�[\J7[;8sJI�,l<e[�[\E,P{=�]�<3]���<3H$1$0$1 U9L,1�NJ�JIE,8ªl,:I8�[;8>]�J J;<3Qh8ªJIE,8^wsP�[\Qh<ew�:IG�SäJ;8"[mJ&[\JIG9]$aÎE$Gb[ W|8�8>]}w>:;�|a�8>O3Sùw�G O3<gW,:zG{JI8�aÎG ]|aÎ=.8+E$G�6b8[;�$w>w>8>8�a,8�aÇ<g]àHb8sJ\JI<g]$H+:;8"G9a�Pb��J�P �NJ;E,8�w�G{JIE,P�a�8�wzE$G QtW|8�:�1&�
OgP�P9yÇG{J?JIE,8 �$:z[mJ�G9],P�a�8 G ]$aàw�G{J;E$P�a,8[;<gHb]$G Oe[A�Ï:;PbQñJ;E$<3[twzE$G QtW|8�:?<3[?[;E,P{=�]à<g]æ��<3H$1`0$1 U j$1���P���G :@JIE,8�a�8>J;8"w�J;Pb:?<3[�P9l�8>:zG{J;<3],H+Ù��,<gJ;8 ],<ews8�OgSG ]|a&G9]�<3],<gJ;<eG O`wzE|G :zG9w�JI8>:I<gç"G{JI<gPb]�P ��<�Jz[�l|8�:\�ÏPb:;Q G9]$ws8@G ]$a�:I8�[;P9O3��J;<3P9]&<3[f<g]�l,:IP9Hb:;8"[;[�1iFG9[;8�a&P9]&J;E,8�:;8"[\�,OgJI[FP9�Ä[\J;�|a�<g8"[�P ��J;E$8@�$:I[\JZw>G J;E,P�a�8�wzE|G Q�W�8>:�l$:;P9J;P JmS�l�89Ú,Gb[F=.8�OgO`Gb[�wsPb]bJI<g]��,8"a�+Pb]bJI8tMNG :IOgP [\J;�$a,<g8"[fP �rW�P JIE�J;E,8�a�8>J;8"w�J;Pb:ZG ]|a�J;E,8�l$E�S�[;<3w�[>Ú$=.8?=�<3OgOxW|8�H9<3]+=.Pb:;y�<3],HRP9]�J;E$8�a�8�[;<3H9]�ÏP9:ØG@[;8�w>P9]$atl,:IP J;P9JmS�l|8N�ÏP9:ÄJIE,8qò9f�ö [;S�[mJI8>Q�1Ø47],8FP ��J;E,8�l,:I<3QhG9:;S?l$�,:;l�Pb[;8�[ÄP9�$JIE,8f[\8"wsPb]$a�l$:;P9J;P JmS�l�8wzE$G9Q�W�8>:f=�<3OgO�W�8?J;P JI8�[\JZQh8�wzE$G9],<ew>G O�[\�$l,l|Pb:\JAa�8�[;<gHb]$[F�ÏPb:fJ;E$8?�Ï�,O3O�cd[;w�G O38�wzE$G9Q�W�8>:ZG9]$a�=�<g:I8?l,OeG ],8"[>1DFE,<e[�<3[�],8"ws8�[I[IG :IS7JIPAG�6bP9<ea@8>O38�wsJ;:IPb[\JIG{JI<3w.<3]$[mJzG W,<3O3<�JI<g8"[�G9]$a�]$P9]�c��,],<g�ÏP9:IQh<�JI<g8"[`JIE$G{JrG :I8py�],P{=�]�J;P@G)3ì8�wsJ:I8�[;P9O3��J;<3P9]Y1xD`P7<gO3Og�|[mJI:IG J;8.J;E,8.<3[I[\�$8.G{JÄE$G9]$aÛÚ�J;E$8pHbG9<g]xw�<g]RGfl,:IP9l�P9:;J;<3P9]$G9O9wsPb�,]�J;8�:x<e[`Hb<g6b8>]�<3]�Hb8>],8�:IG9OW�Sª&
w ½ ø Ó Þ ë Ñ â�0,132�0�ã

�,Pb:NG9]�P9l�8>:zG{JI<gPb]$G O$69P9OgJIG9H987Ô�Ú�J;E,87HbG <3]�<e[.a,8>l�8>]$a�8�]�JNPb] J;E,8Aw>G9l$G9w><�JzG ]$w>8fP �YJIE,87a,8sJ;8"w�JIP9:�ÄR1ÄDFE��$[G ]�S�6{G :I<3G J;<3P9]�P9]�JIE,8��|G J;],8"[;[ZP �ÄJ;E$8tw>G J;E,P�a�8tl,OeG ],8�wzE|G ],Hb8�[FJIE,8tw�G l$Gbws<gJIG ]|ws8?P �ÄJIE,8ta�8>J;8"w�J;Pb:7G9]$aE,8�]$ws87J;E,8AHbG9<g]`1x��J�G Oe[\PRws:I8�G J;8�[Ø�$8>Oea�]$P9]�c��,],<g�ÏP9:IQh<�JI<g8"[ØJIE$G{J�G)3ì8�wsJ.JIE,8Aw�G{JIE,P�a�87l�Pb[;<gJ;<3P9]�:I8�[;P9O3��J;<3P9]`1�,Pb:pH�G <3]R6{G9:;<eG{JI<gPb]$[rP �YO38�[I[rJIE$G ]�U���Ú�G?:IP9�$H9E w>G9O3w>�,O3G J;<3P9]�[;E,P{=f[ÄJIE$G{J.J;E,8Zw�G{JIE,P�a�8Zl,OeG ]$8fQ��$[\JpE$G�6b8O38�[I[NJ;E$G9]�Gº�@UtQh<gOY�|G{JI],8�[I[F6{G :I<3G J;<3P9]Y1qØG :I<3P9�$[�[IwzE,8>Qh8"[�E$G�698@W�8>8�]+8>Qhl,O3P{S98�a�W�S�a�<_3ì8>:I8>]�JfHb:;Pb�,l$[FJIP l,:;P{6�<ea�8@Qh8�wzE$G9],<3w�G O`[;�,l,l�P9:;Jf�ÏPb:J;E$8Rw�G{J;E$P�a,8tl,OeG ]$8�[A<g]�O3G9:;Hb8�G :I8�G&wzE$G QtW|8�:I[�1?�,Pb:78>Í�G9Qhl,Og8bÚÛ<g]^J;E,8h[;P cdw>G O3O38�azy�C_ç
L|{9M<í)Ü�8Aì4ëAé7�$[\8"a
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��<gHb�,:I8@0$1 U,2'&Fâ�DxP9l|ãFnpE,P JIP9Hb:IG9l,E�P ��J;E$8?l,:;P9J;P9JmS�l�8¯ò�f�ö+w�G{J;E$P�a,8@wzE|G Q�W�8>:fw>P9]$[\J;:I�$wsJ;8�a�J;PhPbl�J;<3Qh<gç�8wzE$G9Q�W�8>:�8�Og8"w�J;:IP�a�8�[\J;:I�$w�JI�,:;8"[>1àâ�iNP9J\J;PbQ�ã?nØE,P9J;PbH9:zG l,E�P �fG+w>G J;E,P�a�8�l$O3G9],8�[;E,P{=�<g]$H&JIE,8�w�G{J;E$P�a,8[\J;:I<gl$[�1
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cosmic ray

FDC prototype

S1

S2

MWDC−x #1
MWDC−y #1

MWDC−x #2

MWDC−y #2

��<gHb�,:I8t0,1CU9B<&Z��wzE,8�QhG J;<ewta,:IG�=�<3],H�P9�ØJ;E,8hwsP�[\Qh<ew�c�:IG�S�J;8�Og8"[;w>P9l�8t�$[;8�aª�ÏP9:¯ò9f�ö�l,:IP JIP JmS�l|8t:;8"[\PbOg�,J;<3P9][\J;�$a�<38�[�1

��<gHb�,:I8t0,1CU L+&ZnØE$P J;PbH9:zG l,E+P9�ØJ;E$8Rw>Pb[;QR<ewt:IG�S�J;8"[mJ?[\JIG ]|a^[;8sJ@�,l�G J�2b843ì8>:z[\Pb]^_`G9W|Pb:IG J;Pb:;S&J;P�[mJI�$a�S:I8�[;P9O3��J;<3P9]�wzE$G :zG9wsJ;8�:;<e[mJI<3w�[pP9�`JIE,8�w>G J;E,P�a�8�[\J;:I<gl�wzE$G9Q�W�8>:z[>1
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Anode Cathode

��<gHb�,:I8F0$1 U j+&`�Z],P�a�8�â�Og8>��JzãrG9]$atw�G{JIE,P�a�8�âÏ:I<gHbE�JzãÄ[;<gHb]$G Oe[x�Ï:;PbQTP9�$:rl,:;P9J;P9JmS�l�8�w>G J;E,P�a�8�[\J;:I<gl wzE$G9Q�W�8>:"1DFE,8�8�Og8"w�JI:;P�a�8�[\J;:I�$w�JI�,:I8�G ]$a�OeG�S9Pb��JfP �ÄJ;E$<3[Zl,:;P9J;P9JmS�l�8?<e[�8sÍ�l�8�w�JI8�a�JIP W|8t698�:;S�[;<3QR<3OeG :�JIP J;E,8��$]$G Oò9f�öªa�8�[;<gHb]Y1

<3]�JIE,8�_`�A�,��8sÍ�l�8>:I<gQh8>]�J�� jb����Ú`l�P9O3S��,:I8sJ;E|G ],8 [;l$G9w>8>:z[7=N8>:I8h8>l�P�Í�<g8"a^Pb]bJIP�J;E,8�w�G{J;E$P�a,8�[AJ;P��$Í^J;E$8G ]$P�a,8scdw>G{JIE,P�a�8AHbG l�[;l$G9w><g],H|1rDFE,<3[ZG ]$a&P JIE,8>:�Pbl�J;<3P9]$[�G9:;8?w>�,:;:I8>]�JIOgS W�8><3],H 8sÍ�l,O3P9:I8�aY1�f]$P J;E$8>:F<gQhl�P9:;JIG9]bJ�:IP9O38f�ÏPb:FJ;E,8?[;8�wsPb]$a�l$:;P9J;P JmS�l�8AwzE|G Q�W�8>:F<e[.J;PhH9<3698A�$[�GRa�8�[;<gHb]�JI8�[\JFW�8�a&�ÏPb:J;E$8�ws<3:Iw>�,<gJ�W|P�G :za,[?G9[I[\P�w><3G J;8�a�=�<gJ;EæW�P J;EÇJIE,8�w>G J;E,P�a�8�G9]$aÇ=�<g:I8 l,OeG ],8"[>1�þ�8�=�<3O3OpG H�G <3]Ç[;8>8�y^P9�,JwsPb]�JIG9wsJI[�=�<�JIEßP JIE,8>:tH9:IP9�,l$[�=�E,PªE$G�6b8�wsPb]$[mJI:;�|w�J;8"aæwzE$G QtW|8�:I[�P �Z[;<gQh<3O3G9:ta�8"[\<3H9]ßGb[�=N8>O3ONGb[?=.Pb:;y=�<gJ;E&J;E,8��|G9[\J�6pOg8"w�J;:IP9]$<3w�[FVA:IP9�$l&G{Jq2b843ì8>:z[\Pb]�_`G9W|Pb:IG J;Pb:;Sh<3]&Pb:Ia�8�:pJIPhQR<3],<3Qh<gç�8@~$/?X Og8"G9a�J;<3QR8"[>1
I�J,Ý�J�} npoqW~;7}9T�y=}Qx/Rp:�]�}=Wuy
DFE,8��§� d ���Rw>P9�,]�JI8>:`=�<3O3O9l,:IP{6�<3a�8ØG���G9[\Jx[\<3H9]|G O =�E,<ewzE?<e[Y�$[;8�a@<3]?J;E$8ØOg8�698�O óì2ÄJ;:I<gHbH98>:ÛP9��J;E,8p8sÍ�l|8�:;<3Qh8>]�J�1�,Pb:ØJIE,<3[.l,�,:Il�Pb[;8�J;E,8ZJ;<3Qh8Z:I8�[;P9O3��J;<3P9] w>G9],],P9JpW|87=.Pb:I[;8FJ;E|G ]�j?crU?]$[�1Ä�Z[NG ] 8>O38>Qh8�]bJNP �ÛJIE,8ZO38>6b8>O�ó�2J;:I<3H9H98�:�Ú�JIE,<3[Za�8sJI8�w�JIP9:�],8�8�a,[�G9]�8sÍ,ws8�OgO38>]�Jf[\PbOg<ea�G ],HbOg8?wsP{6b8>:zG Hb8ZG ]$a�GRE,<3H9E�a�8>Hb:;8�8@P ��[;8>HbQh8>]�JIG J;<3P9]�ÏP9:AW$Gbwzy�Hb:;Pb�,]$a�:I8�(m8�wsJ;<3P9]Y1?k7[\<3],H�JI:IGbwzy�<g],H�<g]��ÏPb:;Q G J;<3P9]+JIE,8R[\JIG9:\J@wsPb�,]�J;8>:7=�<gO3OÄW|8hG W$Og8�J;P�l$:;P{6�<ea�8G�J;<3Qh8�:I8�[;P9O3��JI<gPb]äP �AW|8>J\JI8>:hJ;E|G ]Îv,1CUª]$[RJIE��$[ G O3OgP{=�<3],H��$[RJ;Pà<ea�8>]�J;<g�ÏSßJIE,8�8>O38�wsJ;:IP9]äW�8�G9Q¨l,�,Oe[;8G9[I[;P�w><3G J;8"a�=�<gJ;E�J;E,8?8�698�]bJ"1DFE,8�[\JIG :;JØwsPb�,]�J;8>:r=�<3O3O$wsPb]$[\<e[\JÄP9��G@wsS�O3<g]|a�:;<ew>G9O,G :I:IG�S@P9��j�v7[Iws<3]�J;<3OgOeG{JIP9:rl$Gba,a�O38�[�â�[;8>8N�$Hb�,:I8F0$1 UbU9ãs1DFE,8�[Iws<3]�J;<3OgOeG{JIP9:z[.E|G�698?GRJ;E,<ewzy�],8�[I[FP �ØU�Ü#Ü�1ØDFE,<3[f=�<gO3OYl,:IP{6�<3a�8?GRH9P�P�a&Og<3H9E�JfP9�,J;l,��JZG9]$a&J;E,8�:;8>�ÏP9:I8G�H9P�P�aªJI<gQh<3],Hª[;<gHb]$G O�1�DFE,8 a�P{=�]$[\J;:I8�G9Qò[\<ea�8hP �NJ;E$8�[;w><g]�J;<3O3O3G J;P9:z[@=�<3OgOrW�8�W�8>]�J?J;P{=FG :za+JIE,8 W|8"G QO3<g],8?<3]�P9:za�8>:NJIPR<3]$w>:;8"G9[;87JIE,8�[;P9O3<3a�G ],HbOg8?w>P{698>:zG Hb8f=�E,<3Og8?Qh<3],<3QR<3ç><3],H Qt�,O�JI<gl$Og8�[Iw>G J\J;8�:;<3],H|16pGbwzE�l|G9a,a�O38 =�<3OgO.W|8�w>P9�,l$Og8"aæG{J?J;E$8��,l$[\J;:I8�G9Qò8>]|aÇJ;PªG�O3<gHbEbJtH9�,<ea�8 O38�G9a,<g],H+Pb��J�P9�.JIE,8�698�:;SE,<3H9E�Q G Hb],8sJI<3w7�$8�O3a�:I8>Hb<gPb]Y1rnØE,P9J;P c�J;�$W|8"[F=�E,<3wzE+w�G ]�W|8?Pbl|8�:IG J;8"a�<3]+Q G H9]$8sJF�$8>Oea,[�P9�xJIE,8�Pb:Ia�8�:FP �P9]$8?J;P Jm=NP y�<gO3P�H�G �$[I[�=�<3OgOxW|8t�$[\8"a��ÏP9:f:I8�Gba�P9�,J�1�D`8"[mJz[f=�<gJ;E+JIE,8�ÿ7G Q G Q G{Jz[\�ª[;S�[mJI8>QðÿZ0b0,2>jhE$G�6b8[;E,P{=�]�JIE$G{J�JIE,8?:I8�Ù��,<3:;8"a�JI<gQh8�:I8�[;P9O3��J;<3P9]�w>G9]&W�8�G9wzE$<g8�698�a&:IP9��JI<g],8�OgSb1Ø�Z[f[Iws<3]�J;<3OgOeG{JI<gPb]&Q G J;8>:I<eG OÛ=N8l,OeG ]�JIP��$[;8t6ØO (m8>]ªDx8�wzE,]$P9O3P9H9S¢6�2�B v9vR=�E,<ewzE+<e[���G9[\J7G9]$a�E$G9[ZG O3G9:;Hb8�G W$[;P9:Il�JI<gPb]&O38>],H9J;EY1�DFE,8�J;<3Qh8:I8�[;P9O3��J;<3P9]ßâ º ã��ÏPb:7G�6._xB9v j�[Iws<3]bJI<gO3OeG{J;Pb:fW$G9:�Úìa�<3:;8"w�J;O3S+wsPb�,l,O38�a�J;P�G�ÿ7090,2�j cdv,2?[;S�[\J;8�Q�Ú|<e[7[;E,P{=�]+<3]�$Hb�,:;8A0,1CU 0�Gb[.G��Ï�,]$wsJ;<3P9]�P9�xa�<e[mJzG ]$w>8f�Ï:IP9Q¦J;E$8An.�ªD@1 DFE$<3[Na�8sJI8�wsJ;P9:N<e[N[;<3QR<3OeG :ØJIP�JIE,8@[mJzG :;JNa�8>J;8�wsJ;Pb:ws�$:;:I8>]�J;O3S��$[;8�a&<3]ªMN_x�7�&<3]  �d É�É¢�TG{Jq2b843ì8>:z[\Pb]�_xG WY1
½ ¾�� òýø?Ã�ûÄÅ;ôqCsÂ��Dñ+Â$öRûÄÅ��¾ô�øAûÄÅ§E*ö
I�J�}�JNM �a��WZy��q[�W&<
nrG :;J;<ewsO38Z<ea�8�]bJI<���w>G{JI<gPb]�<3]�JIE,8RÈRÉ�ÊYË�Ì¦a�8sJI8�w�JIP9:?âÏ<�1 8913Ú�J;E,8?[;8>l$G9:IG J;<3P9]�P9�`l,<3P9]$[�Ú�y{G P9]|[>Ú�G ]|a�l,:IP JIP9]$[zã=�<3OgOF<3]$wsPb:;l�P9:zG{JI8�<g],�ÏP9:IQhG J;<3P9]æ�Ï:IP9Q�G JRO38�Gb[mJt�ÏP9�,:ha�<?3�8�:;8�]bJ [;�,W$[;S�[\J;8�Q [?óàJm=.PÇ[\�$W$[\S�[\J;8�Qh[t<3]ßJ;E$8ws8�]�J;:zG OÛ:I8>H9<3P9]�G ]$a�Jm=NPR<3]�J;E,8@�ÏPb:;=FG :za�:I8>Hb<gPb]Y1
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��<gHb�,:I8p0,1CU9U<&YM.Pb]$ws8�l�J;�|G Oba,8�[;<gHb]?P ��J;E$8p[mJzG :;JxwsPb�,]�J;8�:x[;�,:;:IP9�$]$a�<3],HFJ;E,8pJIG9:;Hb8sJ`G :I8�GF=�<gJ;EtGfwsS�O3<g]$a,:;<ew>G9OG :I:zG�SRP9�Ä[Iws<3]�J;<3OgOeG{JIP9:Fl$Gba,a�O38�[�1

Distance from left PMT (cm)

0 10 20 30 40 50 60

 (n
s)

σ

0.15

0.16

0.17

0.18

0.19

0.2

0.21

0.22

0.23

0.24

0.25

Distance from left PMT (cm)

0 10 20 30 40 50 60

 (n
s)

σ

0.15

0.16

0.17

0.18

0.19

0.2

0.21

0.22

0.23

0.24

0.25

��<gHb�,:I8�0,1CU 0<&tDFE,8&��JzG :;JhM.P9�,]�JI8>:?JI<gQh8�:I8�[;P9O3��JI<gPb]Îâ º ã?G9[tG��Ï�,]$wsJ;<3P9]ßl$G9:\JI<3w>Og8hJI:IG;(m8�wsJ;P9:ISªl�Pb[;<�JI<gPb]G O3P9]$HRG-6�2�B9v j�W|G :�=�<gJ;E�J;E,8�a,<gQh8>]|[\<3P9]$[�v$Ñ U#��L��ª�{v9Ö Ô ,{1
2b1f_YP{=ðQhP9Qh8>]�J;�$Q ws8>]�JI:IG9OfJ;:zG9wzy�[�=�<gO3O7W�8Ç<3a�8�]�J;<g�$8�a}�$[\<3],Hß÷ ¼ Õ;÷'ûýQh8�Gb[\�,:I8>Qh8�]bJz[ �Ï:IP9QKJ;E$8M.8>]�J;:zG OÛX7:;<g��J@M.E$G9Q�W�8>:�âÚö�f�ö|ãs1
B,1f�ýJ;<3QR8?P9�`�$<3H9E�JfQh8�Gb[\�$:;8�QR8�]�JN�Ï:IP9QáJ;E,8?W$G9:;:I8>OÛw�G O3P9:I<gQh8sJI8>:?âLõªö d É�ãN=�<gO3O`G Oe[;PRl$:;P{6�<ea�87<ea�8�]bJI<�c�|w>G J;<3P9]h<g],�ÏP9:IQhG J;<3P9]h�ÏPb:pws8�]bJI:IG9O,JI:IGbwzy�[�1xDFE$8�ö�f�ö�G ]$aRJIE,8�õªö d É?=NP9:Iy�<g],H@<3]�wsPb])(m�,]$wsJ;<3P9] =�<3OgOl,:;P{6�<ea�8@G ]�8sÍ,ws8�OgO38>]�JfQh8�G9]$[N�ÏP9:�<ea�8>]�JI<��ÏS�<3],H :;8"wsPb<gO3<g]$Htl,:IP JIP9]$[.�Ï:IP9QoJ;E,8@JzG :IH98sJ"1
L$1fÿf<3H9E,8�:�QRPbQh8>]�J;�,Q �ÏP9:I=FG :za�c�HbP9<3],H�y{G Pb]$[fG9]$a�l,<gPb]$[F=�<3OgOxW|8�a�<e[\J;<3],H9�,<e[;E,8�a��$[;<3],H G�M.8>:I8>],ybP{6a�8sJI8�w�JIP9:"1pDF=NP l|P�[;[;<gW$<gO3<�JI<g8"[F�ÏP9:fJ;E,<e[Za�8>J;8"w�J;Pb:�8sÍ�<e[mJ�ó&GRJIE,:I8�[;E,P9Oea�H�G9[�Pbl�J;<3P9]æâ�M75@4fqAã.�$[;<g]$HM � � F � ÚbG9]$atG»É7�|G :;J;çsc�W$Gb[\8"a�XZ�m~fMßP9l�JI<gPb]u*98"G9wzER=�<gO3O,W�8fa�<e[;w>�$[;[;8�at<3]ha,8sJIG9<gO�<3] GAO3G J;8>:Ø[;8�wsJ;<3P9]Y1
j|1fDF<gQh8pP9�|��Og<3H9E�JFâ�DZ4A�rãY<3]��ÏPb:;Q G{JI<gPb]?�ÏP9:x�ÏP9:I=FG :za�c�HbP9<3],HNJ;:zG9wzy�[Y=�<gJ;EtQhP9Qh8>]�JIGZOg8"[;[`J;E|G ]�G9:;Pb�,]$aB�1CU�Ò?Ó{Ô.Õ ÖA=�<gO3OYW�8?l,:;P{6�<ea�8�a�W�S&Gh[;w><g]�JI<gO3O3G J;Pb:N=FG O3O`U vbvhwsQoa�P{=�]|[mJI:;8"G QáP9�`J;E$8@JIG :IH98>J�1
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47]$w>8N<3]��ÏPb:;Q G{JI<gPb]t<e[ÄHbG J;E,8�:;8"a��Ï:IP9QT8�G9wzERP ��J;E$8�[;8.�ÏPb�,:r8>O38>Qh8�]bJz[>Ú9J;E,8�<3]��ÏPb:;Q G{JI<gPb]t=�<3O3O�W|8fw>P9Q�W$<g],8"a<3]bJIP�O3<gyb8>O3<gE$P�P�a,[7<3]ªP9:za�8>:ZJ;P&l,:;P{6�<ea�8�G��,],<g�$8�a^=NG�S�P �ØQ G y�<3],H&G�l$G :;J;<ewsO38�<3]$a�8�]bJI<���w>G{JI<gPb]�a�8"ws<e[\<3P9]`1DFE,8?O3<gyb8>O3<gE$P�P�a&Qh8sJ;E$P�a�=�<3OgO`W|8�a�<e[Iws�$[I[\8"a�<3]+[\8"w�JI<gPb]�0$1 U,1 j|1DxP+<gO3Og�|[mJI:IG J;8 JIE,8�P{698�:IG9OgOÄ�Ï8"G{JI�,:;8"[�P9�NJIE,8�l$G9:\JI<3w>Og8�<3a�8�]�J;<g�|w>G J;<3P9]YÚÄwsPb]$[\<ea�8�:?J;E,8&:;8"G9wsJ;<3P9]p¤�¨®©ø ù*�ø ù ¨`1æDFE,<e[�:I8�Gbw�JI<gPb]æE$G9[ty�<g],8�Q G{J;<ew>[tJIE$G{JhG :I8�JmS�l,<ew>G ONP ��JIE,8�:;8"G9w�JI<gPb]$[?JIP�W�8�[mJI�$a�<38�aæW�SàJ;E$8VAO3�,8>ü
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Gba,a�8�a�Pb]&=�E,8�]�l,:;P'(m8�wsJ;<3],H a�<_3ì8>:I8>]�J�l$G9:\JI<3w>Og8@E�S�l|P9J;E,8"[\8"[NJ;PhJ;E$8?=NG9OgO�1DFE,8hl�8>:;�ÏP9:IQhG9]$ws8RP �.J;E,8 H�G9[�M.8>:I8>]$y9P{6+[\S�[\J;8�Q <3[@8>Í�l,:;8"[;[;8�a^<g]�J;8�:;Q [@P9�pJ;E$8�G�698>:zG Hb8�]��,Q�W�8>:P �fl$E,P JIP�8�Og8"w�JI:;Pb]$[>ÚzøY� } Úr�ÏP9:RåÐQh8�[;P9]$[�J;:zG�698�:I[;<3],Hª�9vªw>Q�P �@M � � F � HbGb[�=�<gJ;Eä<3]$a�8>ÍßP �f:I8s�Ï:zG9wsJ;<3P9]¥ ½ 2bÑ vbv,2�U�1ØDFE,8?QhP9Qh8�]bJI�,QáJIE,:I8�[;E,P9Oea&�ÏP9:�åæG ]$a ø Qh8�[;P9]|[�G :I8?B,1 URG9]$a��,1 v Ò?Ó�ÔNÕ{ÖA:I8�[;l|8"w�J;<3698�OgSG ]|a�JIE,8?Og<3H9E�JfS�<38>Oea�l�8>:f:zG9a,<3G J;P9:FO38>],H9J;E�<3[fH9<3698>]�W�Sª&÷løY� }÷lû ½ ø å Å�[;<3] × ` d ½ ø å Å Ñ 2�� 2K × ¥ × Ò â�0,132��9ã
G ]|a&[;<g]|ws8¯¥h� 29Ú$<g]&J;E,8?:I8>OeG{JI<g6�<e[mJI<3wAO3<gQh<gJ*K·©K2'&÷�ø � }÷lû �Qø å Å"B�âa¥À��2�ã â�0,132���ã
ø å <e[AJ;E$8 �$H9�$:;8hP �FQh8>:I<�J?P9�FG �M.8�:;8�],y9P{6ªw>P9�,]�J;8�:@JIG9y�<3],H�<3]bJIP+G9w>w>P9�,]�J�G O3OØ8>è w><g8�]$ws<38�[�<g]ÇJ;E$8�[\S�[\cJ;8�Q G9]$a��ÏP9:RG+wsP9�$]bJI8>:?P9�F:I8�Gb[\Pb]$G W$OgS+HbP�P�aàa�8"[\<3H9]�ø å �o�9v+Ö Ô �¬F�1&iFGb[\8"a�Pb]àJ;E,<e[�Ú`JIE,8�G�698�:IG9H98l,E,P9J;P�8>O38�wsJ;:IP9]�S�<g8�O3a��ÏP9:FJIE,8ù�M.8>:I8>],ybP{6�wsPb�,]�J;8>:�=�<3O3OYW|8�G9W|Pb��JZB�2@<3]&JIE,8?:I8>OeG{J;<36�<3[\J;<ewAOg<3Qh<�J"1DFE,8RHbGb[AM.8>:I8>]$y9P{6�P9l�JI<gPb]^O38�G�698"[ZG�[\<3H9]$<��|w�G ]�J7H�G lª<3]^QhPbQR8�]�J;�,Q =�E$8>:I8�J;E$8tåxÕ ø [;8>l$G9:IG J;<3P9]<e[Z:I8�[\J;:I<3wsJ;8"aÛ17DFE,8RDZ4A�Î[\8�l$G :zG{JI<g],H�l|P{=N8>:Z��G O3O3[7W|8�OgP{= L º G{J@G�QhP9Qh8>]�JI�,Qñ],8�G9:AB�Ò?Ó�ÔNÕ{Ö{Úì=�E,<3O38J;E$8?l,<gPb]�JIE,:I8�[;E,P9Oea�<g]&J;E,8tM � � F � H�G9[N<e[ZB�1CU�Ò?Ó{ÔNÕ{Ö{1
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DFE,8AXZ�m~fMÎPbl�J;<3P9]`Ú�Pb] J;E$87P9J;E,8�:NE|G ]$aÛÚ�=�<3OgOì�$[;8@G�E,<3H9E,8�:.<3]$a�8>Í�P �`:I8s�Ï:zG9wsJ;<3P9]^â�É7�$G :;J;ç�ãÄJIPtQ G yb8GRQh8�G9[;�,:I8>Qh8>]�J�P �xJ;E,8tM.8�:;8�],y9P{6 Pbl|8�],<3],H G ],HbOg8l&

w>Pb[=` ½ 2Ku¥ â�0,132���ã
DFE,8h8�[\J;<3Q G{JI8�aªåxÕ ø [;8>l|G :zG{J;<3P9]^P �Ø�$Hb�,:I8R0$1 0bv�G9[I[;�,Qh8�a^G&:I8�[;P9O3��J;<3P9]�P9]ªJIE,8hP9l�8>],<3],H�G ],HbOg8RQh8�G c[;�,:;8�Qh8>]�J�P �ØB�1327Qh:zG9aÛ1Ø�+Pb:;8@a�8>JIG <3Oe[�P9]&J;E,8�X7�m~fM)=�<3O3OYW|8?Hb<g6b8>]�<g]�GhOeG{J;8�:f[\8"w�JI<gPb]Y1
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Ì ��*<É"�`#{�9Êß��'ì�GÉ Ì *<¹��ß%�'ý*�(+*<¹`#{!�'sÖt��*<Ê *���ïs(���â ��8>6b8>:zG Ora,G JIG&:;�,]|[ZJI8�[\J;<3],H��uñZò�l$:;P9cJ;P9JmS�l|8ªQhP�a��,O38�[&=N8>:I8+QhGba�8^G J�J;E,8��mÿ�6.náG9w�ws8>O38>:zG{JIP9:"1 DFE,8Ç[\8>J;�,lÎ�ÏPb:�JIE,8�[;8ª:I�,]$[�<e[�[;E,P{=�])<3]��<gHb�,:I8�0,1 0bB�1NDFE,8?Jm=NP W$G :z[F�,]$a,8>:fJI8�[\JZ=N8>:I8@w>P9�,l$Og8"a�J;P��<����[7D@2?J;E$:;Pb�,H9E�DFj�G{J�JIE,8><3:Z8�]$a,[�1NDFE$8W$G9:I[AwsPb�,O3a^W|8hQhP{698"a�J;:zG ]|[\6b8>:z[\8?JIP�JIE,8RW|8"G Q�1�þÇ8Ra�8>�$],8RÍ^G9[ZJ;E$8Rl�Pb[;<gJ;<3P9]^P9�ØJ;E$8Rw>8>]�J;8�:AP9�ØJ;E$8O3P9],H [Iws<3]bJI<gO3OeG{J;Pb:F:;8�O3G J;<3698AJ;PRJ;E$8?W|8"G Qo=�<gJ;E�Í ½ vhG{JFJ;E$8�ws8>]�JI8>:�P ��J;E$8?W$G :"1
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��<gHb�,:I8@0$1 0�B=&ÄDFE,8�[;8sJ;�$l&�ÏPb:FJ;E,8?W�8�G9QáJI8�[\JI[�G{Jf�mÿ�6pnÎG{JZ��8�:;l$�,y�E,P{6ì1
DxG9W,Og8�0$1 �+&rDF<gQh8?:I8�[;P9O3��J;<3P9]��ÏP9:�6{G :I<gPb�$[Nl,E,P9J;P JI�,W�8�[�1npE,P JIP JI�,W|8 G 1�� DF<3QR8�~f8�[;P9O3��J;<3P9]àâÏl$[zã
/&E �ª�lÊ ÖR*�#üAn.B v�B v 2�vbB��6pk¦2b2"U 2�� BÿZG Q G9QhG JI[;��~7U9U vb0 2�0��ÿZG Q G9QhG JI[;��~7U � j�0 2�vbB�&E��^�lÊ ÖR*�#üAn.B v�B v �9�ü7n.B9vbB9v�8{k7~ �bB

DFE,8hW�8�G Q a�8s�|],<g]$HªwsP9�$]bJI8>:z[@[\E,P{=�]Ç<3]à��<3H9�,:I8 0,1 0bB&G :I8��ì29Úx�$B�ÚxG9]$aà��L,1�DFE,8�w>:;P�[;[@[;8�wsJ;<3P9]$G9O[;<gç�8tP9�pJ;E$8tW�8�G9Q =NGb[ZOeG :IH98RwsPbQRl|G :I8�a+JIP�JIE,8�B�w>QñW�S�B�w>Q [\<3ç>8RP ���,B&G ]$aÇ��L,1t�$B&G9]$a��,L�=N8>:I88�GbwzE^2b1 BbU�w>QéJ;E,<ewzy�G ]|a�W�P JIE�w>P9�,l,O38�a�J;P G9]�ü7nNB v�B v�l$E,P JIP J;�$W|8@=�<gJ;E+GRURw>QoG <3:FHbG l`1r�Û27=FG9[N],P9J�$[;8�a&�ÏP9:FJI<gQh<3],H l,�,:Il�Pb[;8�[�Ú�]$P9:FJ;P�a,8s�$],8@JIE,8@843ì8�wsJ;<3698�[;<gç�8AP9�xJIE,8?W�8�G Q�1DFE,8R�$:z[mJ�a$G{JIG�:I�,]æG{J?�mÿ�6.ný=NGb[@�$[\8"a�J;P�J;8"[mJtB{c�Q O3P9]$H�w>P9�,]�JI8>:z[@=�<�JIEà[IÙ��$G :I8 ws:IPb[I[@[\8"w�J;<3P9]|[P �.B,Ñ U �÷B�ÑCU wsQ ×RG ]$a�U�Ñ v �÷U�Ñ v�w>Q × 1@DFE,8t[Iws<3]�J;<3OgOeG{JIP9:Z<e[7JmS�l|8#6�29cdB9v9v,Ú$l,:;P�a��|ws8�aªW�S�JIE,8#6pO (m8�]M.P9:Il�P9:zG{J;<3P9]`1�DFE$<3[t[;w><g]�J;<3O3O3G J;P9:tE$G9[tGªa�8"w>G�SªJI<gQh8&P �7B�Ñ32:¥ _ ÚrG+W,�,O3yæG{J;J;8>]��$G J;<3P9]æO38>],H9J;EæP9�fj Ô ÚG ]^<g]$a,8sÍ+P �p:I8s�Ï:zG9wsJ;<3P9]+P9�f291CU �,ÚìG�l�8�G9y�<g]+JIE,8R8>Qh<3[I[;<gPb]^[\l�8�wsJ;:I�,QñG{J@j�BbU#¥ Ô ÚÛG ]|aªG�O3<gHbE�JAPb��J;l,�,J8�Ù��$G9ONJ;Pà0 j9��P9�ZJIE$G{J P �A�f]�J;E,:zG9w>8>],8b1äDFE,8+[;�,:\��Gbws8"[tP9�fJm=NP�P9�fJ;E,8��ÏPb�,:hOgPb],HÇ[;<ea�8�[hP9�Z8�GbwzEäW$G9:=N8>:I8?<g]^w>P9]�JIGbw�Jf=�<gJ;E+JIE,8�w�G9[\J;<3],Hh�ÏP9:IQ·G9]$a�E$Gba�],P�P JIE,8>:Zl,:;8�l$G :zG{JI<gPb]Y1FDFE,8�P JIE,8>:ZJm=.P O3P9]$H�[\<ea�8�[G ]|a^JIE,8 Jm=NP+8>]$a$[�P �F8�GbwzEàW$G :?=N8>:I8�a�<eG QhP9]$a��$S�cdws��Jt<g]æPb:Ia�8�:@J;P+Qh<3],<gQh<3ç>8�O3Pb[;8�[�a��,8 JIPª[\�,:;��G9w>8<3QRl�8>:;�Ï8�wsJ;<3P9]$[�1)�ðl,E,P9J;P JI�,W�8�=FG9[hl$O3Gbws8�aùP9]�8�GbwzEä8�]$a�P �78"G9wzEùW$G :"1)DFE,8�Jm=.PàW$G9:I[�ÚØ=�<gJ;E�J;E,8�<g:l,E,P9J;P9J;�,W�8�[�Ú9=N8>:I8�l,OeG9ws8"aR<g]�G@O3<gHbE�J\c�J;<3H9E�JrW|P�ÍÛ1ÄDFE,8fW�8�G Q�=NGb[ØG?LAJ;P?j�v?Ò?Ó{Ô.Õ{ÖNl�Pb[;<�JI<g6b8�W|8"G Q¦=�<�JIE6{G :I<3G9W,O38A8�],8>:IH9Sb1D�G W,O38?0,1CU�1CB�[;E,P{=f[.J;E,8?:I8�[;�,OgJI[.�ÏP9:fG�6b8>:zG Hb8fJ;<3Qh8?:;8"[\PbOg�,J;<3P9]�Qh8"G9[;�,:;8"a �ÏPb:�6�G9:;<3P9�|[Nw>P9QtW,<g]|G{J;<3P9]|[P �r[Iws<3]bJI<gO3OeG{J;<3P9]�W$G9:I[�G9]$a��<�q�ì[�1.��<3H9�,:I8�0,1 09LR[\E$P{=f[FJ;E,8?6{G9:;<eG{JI<gPb]&P9�xJI<gQh8�:I8�[;P9O3��J;<3P9]�G9[ZGR�Ï�,]$w�JI<gPb]P �Äl�Pb[;<�JI<gPb]&P9�xJIE,8@W|8"G Q G9OgPb],HRJ;E,8?W|G :?â�Í ½ vhG{J�JIE,8�ws8�]bJI8>:�ãp�ÏP9:FJ;E$8@Jm=.PRJmS�l|8"[FP �ÄW$G :z[�1�d]}GäO3G J;8>:�a,G JIGæ:I�,]ýBæQtc�O3P9],HùW$G :z[�P9��ws:IPb[I[�[;8�w�JI<gPb]$[�B�ÑCU°�K0$Ñ vùwsQ ×^=N8>:I8+JI8�[\J;8�a}�$[;<g],HùGU�Ò?Ó{ÔNÕ{Ö�W�8�G9Q�1r�ÐJmS�l$<3w�G O~�<�q��l,�,Oe[;8ZP9W|[\8�:;6b8�a G{��JI8>:NG�jbv�Q
w�G W,O38Z<e[N[\E,P{=�] <3]���<3H9�,:I870$1 09j$1xDFE$8�[;8
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��<gHb�,:I8t0,1 09L+&�DFE,8RG�6b8>:zG Hb8@J;<3QR8R:I8�[;P9O3��J;<3P9]��ÏPb:AG�B�QRc�OgPb],H�[Iws<3]bJI<gO3OeG{J;<3P9]�wsP9�$]bJI8>:A:;8"G9a+Pb��JAG JAW�P JIE8>]|a,[�=�<gJ;E+nØE,<3O3Og<3l$[Fü7nNB v�B v��<�q�ì[fGb[�G��Ï�$]$w�JI<gPb]�P9��l�Pb[;<gJ;<3P9]�P �rGRwzE|G :IH98�a�l$G :;J;<ewsO38@W|8"G Q·G O3P9],HRJ;E$8W$G9:�â�Í ½ v G{J�JIE,8�w>8>]�J;8�:fP ��J;E,8�W$G :�ã�1NiNG9:I[FP9�Ø[;Ù��$G9:;8?ws:IPb[I[�[;8�w�JI<gPb]ªB�ÑCUÂ�µB�ÑCUhwsQ ×�G9]$a+U�Ñ v �µU�Ñ vwsQ ×@=N8>:I8AJ;8�[\J;8"aÛ1
[;<gHb]$G Oe[N=.8�]bJNJ;P w>P9]$[\JIG9]bJN�Ï:zG9w�JI<gPb]&a�<e[Iws:I<gQh<3]$G{JIP9:z[7â�MN��X@ã.J;PR8>O3<3QR<3]$G J;8AJ;<3Qh8�wsP9:I:I8�w�JI<gPb]$[pGb[;[;P�ws<eG{JI8�a=�<gJ;Eh6{G :I<3G J;<3P9]$[�P �Û[;<gHb]$G O,G9QRl$Og<gJ;�$a,891Ä�+8�Gb[\�,:I8>Qh8�]bJz[Ä�$[;<g],H@O38�Gba�<g]$HA8"a�H98�a�<e[Iws:I<gQh<3]$G{JIP9:z[Nâ-_Z6.XAãÄG9]$a�f]|G O3P9H7J;P?XZ<3H9<gJIG9O�M.P9]�6b8>:;J;8>:z[Nâ d f�ö|ãx=N8>:I8�G Oe[\PAQ G9a�8b1x�d]tJ;E,<e[rw>Gb[\8�G7J;<3Qh8F6�[�1ÄG Qhl,O3<�JI�$a�8fwsPb:;:I8�wsJ;<3P9]=FG9[rQ G9a,8f�$[;<g],H�QR8"G9[;�,:I8�a [;<gHb]$G O,l$�,O3[;8ZE$8><3H9E�JI[�1rM.�|[mJIP9Q¦QhGba�8ZDF<3Qh8fJ;PtXZ<3H9<gJIG9OìM.P9]�6b8>:;J;8>:z[�â^�~f�ö|ã=�<gJ;E}B 0$1 UÇl|[ Og8"G9[\J&wsPb�,]�J�=.8�:;8+�|[\8"a��ÏP9: JI<gQh8ªQh8�Gb[\�$:;8�QR8�]�JI[�1 DFE,8��,Læ[\<3H9]$G9Of=FG9[ �$[;8�a)Gb[hJ;E$8wsPbQhQRPb]^[\JIG :;J7G9]$aª[;<gHb]$G Oe[��Ï:IP9Q·J;E$8tP9J;E,8�:ZW�8�G Qñw>P9�,]�J;8�:I[7G ]$a+J;E,8RW$G :z[f�$]$a�8>:7J;8"[mJA=.8�:;8t�$[;8�aªGb[[\J;P9l+[;<gHb]$G Oe[�1.DFE,8�<3]�J;:I<g]|[\<ewAJ;<3Qh8�:;8"[\PbOg�,J;<3P9]�P ��J;E,8�8>O38�w�JI:;Pb],<ew>[�=FG9[@2"�hl$[�â�:�1 Q�1 [�1 ã�G9[�Qh8"G9[;�,:;8"a�W�S�$[;<g]$H�J;E$8R��L&[\<3H9]$G9OYJIP�W�P J;E^J;P�[mJzG :;J7G ]$a+J;P&[\J;Pbl+J;E$8��~f�ö`17DFE$8tQh8�Gb[\�$:;8"a�J;<3QR8t:;8"[\PbOg�,J;<3P9]+P �.�$BG ]|a���Lh=FG9[f� vtl|[>1

��<gHb�,:I8�0,1 0 j«&��éJmS�l,<ew>G9OØl,�,Oe[\8�G+nØE,<3O3Og<3l$[�üAn.B9vbB v��<���ÎG{J\JzG9wzE,8"aÇJ;P^GªB+Q O3P9]$Hª[;w><g]�J;<3O3O3G J;<3P9]æW$G9:G{��JI8>:FJIE,8�[\<3H9]|G OÛl$Gb[;[;8�a�J;E,:IP9�$H9E�Gtj�vRQoa�8>OeG�S�w�G W,O3891
��<gHb�,:I8F0$1 0�UA[\E,P{=f[�JIE,8ZG�6b8>:zG H98pJ;<3Qh8f:;8"[\PbOg�,J;<3P9]hG9[ØGA�Ï�,]|w�J;<3P9] P9�|JIE,8fl�Pb[;<�JI<gPb]hP ��J;E,8fW�8�G9Q�G9OgPb],HJ;E$8 B&QRc�OgPb],H�[Iws<3]�J;<3OgOeG{JIP9:AW$G : âÏÍ ½ v�G{J@JIE,8 ws8>]�JI8>:@P �.J;E,8hW$G9:zãs1��d]à�x<3H9�$:;8 0,1 0bU9G�G9]$a+�$Hb�,:I8R0$1 0�U{WJ;E$8�P9l�8>]ªw><g:zwsO38�[Z[\E,P{= :I8�[;P9O3��J;<3P9]��$[;<3],H�G [;<g],HbOg8�W$G :ZG9]$a�J;E$8twsO3Pb[;8�a+w><g:zwsO38�[Z[\E,P{=ý:I8�[;P9O3��J;<3P9]��$[;<g]$H
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<3]��ÏP9:IQ G{J;<3P9]^�Ï:;PbQñW|P9J;EÇW$G :z[�1?�d]ùâ�G�ãZJ;E,8hW�8�G Qñl|G9[I[\8"a+J;E$:;Pb�,H9EàB�1CU�wsQòP �.[Iws<3]�J;<3OgOeG{JIP9:@G ]$a�<g]�âÏW|ãJ;E$:;Pb�,H9Eà0,1 v�wsQòP9�F[Iws<3]�J;<3OgOeG{JIP9:"1h�d]Îâ-Gbã@G9]$aÎâÏW|ã@G+w>P9]$[\JIG9]bJ@�Ï:zG9wsJ;<3P9]àa�<3[Iws:I<3QR<3]$G J;P9:?=FG9[A�$[;8�aàG9]$a<3]ùâ�w"ã7l,�,Oe[\8tE,8><3H9E�J@<g]��ÏPb:;Q G J;<3P9]ª=FG9[7�$[;8�a+JIP�a,P�J;E$8tJI<gQh8>c�=FG O3y+wsP9:I:I8�w�JI<gPb]��ÏP9:7J;E,8 w�G9[;8�=�E,8�]ªJ;E$8W�8�G Q l$G9[I[;8�a�J;E,:IP9�,HbE�B,1 URwsQ P �Ä[;w><g]�J;<3O3O3G J;P9:"1kZ[;<3],H�wsPb]$[mJzG ]�J��Ï:zG9w�JI<gPb]+a�<3[Iws:I<3QR<3]$G J;P9:z[NJ;E$8?J;<3Qh8�:;8"[\PbOg�,J;<3P9]&�ÏP9:�Jm=NP W$G :z[�=FG9[�Qh8"G9[;�,:;8"a�JIP�W�8O38�[I[ZJIE$G ]�jbv&G ]$a�09v�l|[7=�E$8>]Çl$G :;J;<ewsO38tw>:;P�[;[A0,1 v�w>QòG ]$aÇB�1CU�w>QñP �.[Iws<3]�J;<3OgOeG{JIP9:A:;8"[\l�8�wsJ;<3698>O3S91�DFE$8:I8�[;�,O�Jz[rP9W,JIG <3],8"ah=�<�JIE Og8"G9a�<3],H�8"a�H98fa�<e[Iws:I<gQh<3]$G{JIP9:z[rG ]$a w>P9:I:;8"w�J;8"at�ÏP9:rJI<gQh8f=FG O3yt8§3�8"w�Jp=N8>:I8f[;<gQh<3O3G9:J;PRJIE,Pb[;8?Qh8�G9[;�,:I8�a�=�<�JIEªMN�ÄXA[>1

c

��<gHb�,:I8.0,1 0bU<&`�f6b8>:zG Hb8rJ;<3Qh8N:I8�[;P9O3��JI<gPb]�G9[�Gf�Ï�$]$w�JI<gPb]tP9�,J;E,8Nl�Pb[;<�JI<gPb]�P �$J;E,8FW�8�G Q G9OgPb],HfJIE,8�BfQRc�OgPb],HO3P9],HZ[Iws<3]�J;<3OgOeG{JIP9:xW$G :Nâ�Í ½ vfG{JxJ;E,8Nws8�]bJI8>:xP ��J;E$8pW$G9:zãs1`�d]�â-GbãYG9]$a�â�W|ãìJIE,8pPbl|8�]�ws<3:Iw>Og8"[`[;E,P{=à:;8"[\PbOg�,J;<3P9]�$[;<g]$H&G�[;<3],H9O38�W$G9:AG9]$a�JIE,8Rw>OgP�[\8"a+ws<3:Iw>Og8"[7[;E,P{=¬:I8�[;P9O3��J;<3P9]+�|[\<3],H�<3]��ÏPb:;Q G{JI<gPb]+�Ï:IP9QðW|P9J;E�W$G :z[>17�d]â�G�ã@JIE,8�W�8�G9Q l|G9[I[\8"aÇJ;E,:IP9�,HbEäB�1CU+wsQµP9�Z[;w><g]�J;<3O3O3G J;P9:tG ]$aæ<3]}â�W|ã@JIE,:;Pb�,H9Eù0,1 v+wsQµP �Z[Iws<3]�J;<3OgOeG{JIP9:"1�d]Îâ�Gbã@G9]$a�âÏW|ã@G�wsPb]$[\JIG ]�J@�Ï:zG9w�JI<gPb]�a�<e[Iws:I<gQh<3]$G{JIP9:@=NGb[@�$[;8�aÇG ]$a�<g]Îâ�w"ãAl,�,Oe[\8 E$8><3H9E�J?<g]��ÏPb:;Q G J;<3P9]=FG9[��$[;8�a+J;P�a�P�J;E,8?JI<gQh8>c�=FG O3y�w>P9:I:;8"w�JI<gPb]&�ÏPb:�J;E$8tw>Gb[\8?=�E$8>]+JIE,8�W�8�G9Q l$Gb[;[;8�a�JIE,:IP9�,HbE+B,1 U�wsQ·P �[Iws<3]bJI<gO3OeG{J;Pb:�1
DFE,8ZJ;8�[\JI[Na�8"[;w>:;<3W|8"a�G W�P{698Z<g] JIE,8AE$G9a�:IP9] W�8�G9QéG :I8Za�8�[Iws:I<3W|8"a <g]&QhP9:I8Za�8sJzG <3O|<3]�:I8s�Ï8�:;8�]$ws8"[�� U�2 ÚU9B���1.�d]+P9:za�8>:NJ;P�QR<3],<3Qh<gç�8@J;E,8�G9QhP9�,]�JfP �ÄQ G{JI8>:I<3G9OÛ<g]��Ï:IP9]�JfP ��J;E$8tÉ�e�fÇW$G9:I[FP9�N2b1 BbUtw>QoJIE,<ewzy�]$8�[I[=N8>:I87JI8�[\J;8"a�G9]$a�wsP9Qhl$G9:;8"a�G9]$a&J;E,P�[\8@Qh8�Gb[\�,:I8>Qh8�]bJz[F=.8�:;8A:I8>l�P9:;J;8�a&<3]�:I8s�Ï8�:;8�]$ws8-� U L���1M.P9Qhl$G9:;<e[;P9]�P �ØJI<gQh<3],H�l,:;Pbl|8�:\JI<g8"[��ÏPb:7JIE,8�2bÑ BbU��ª0,Ñ v�w>Q ×tG9]$a�B,Ñ U��ª0$Ñ v&wsQ ×tW$G :z[Z[;E,P{=f[ZJ;E$G JJ;E$8?J;<3Qh8�:;8"[\PbOg�,J;<3P9]$[�G J�J;E,8�w>8>]�J;8�:�P �ÄJ;E$8?W$G :ZG9:;8@W�8sJ;J;8>:7W�S���G9wsJ;Pb:�P ���T29Ñ jt�ÏPb:�J;E$8tB�ÑCU#��0$Ñ v w>Q ×W$G9:�1FiN��JZJIE,8?J;<3Qh8�:I8�[;P9O3��J;<3P9]|[�G{JfJIE,8�W$G9:f8�a,H98�[ZG :I8@J;E,8R[;G9QR8?<3]+W�P J;E�w>G9[;8�[f<g]$a,<3w�G{J;<3],H JIE$G{J7],8�G9:J;E$8�np�ªD�� [NJ;E,8@JI<gQh8?:I8�[;P9O3��J;<3P9]�a�P�8�[F]$P Jfa�8>l�8>]|a�P9]�l,E,P JIP�8>O38�w�JI:;Pb]�[\JIG J;<e[mJI<3w�[>1

Ýt!|'��9�-��É"%�!�'�Ét*,'�¹Î#{�9Êß*,%�'�%�'�ËÇ%^É¦É����9É
iFG9[;8�a+Pb]+J;E$8t:I8�[;�,OgJI[7l,:;8"[\8�]�J;8�a^G W�P{6989Ú|J;E$8>:I8s�ÏP9:I89Úì=N8�E$G�6b8twzE,P�[\8�]�J;E,8�291CB9U�wsQðJIE,<3wzyìÚÛ0�w>Qñ=�<3a,8W$G9:��ÏP9:ZJ;E,8t�uñ�ò&=NG9OgO�1N�7[Z[;E,P{=�]�<g]��x<3H9�$:;8�0$1 0�U G,Ú,J;E,8?JI<gQh8t:;8"[\PbOg��JI<gPb]��ÏP9:�Jm=NP W$G :z[�P9��JIE,<e[Z[;<gç�8�<3[�9vRl$[FPb:�Og8"[;[�G JZG O3OÛl|Pb<g]�JfPb]�JIE,8?W$G :Nó�[IG{JI<3[\�ÏS�<g],HhPb�,:fa�8�[;<3H9]�ws:I<�JI8>:I<gPb]Y1�d]ªG9a$a�<�JI<gPb]�J;P�Pbl�J;<3Qh<gç�<g]$H J;E,8�J;<3Qh8�:I8�[;P9O3��J;<3P9]YÚ|G l,:zG9w�JI<3w�G O`w>P9]$[;<ea�8>:zG{JI<gPb]�<3]+JIE,8�wzE,Pb<3w>8�P �rW$G9:H98�P9Qh8sJI:;S7<3[ÛJ;E,8NG W,<3Og<gJmSfJIPZG9w�wsPbQRQhP�a,G J;8rQ G Hb],8sJI<3wr[;E,<38>Oea�<g]$H��ÏP9:ÛJIE,8.G9l,l,:IP�Í�<gQ G{JI8>O3S7B vbv�V�QhG9H9],8>J;<ew�$8�O3ah<3] J;E$8f6�<3w><g],<gJmSRP �ìJ;E,8Zü7n.B9vbB9v9[�1x�,Pb:pG�0?w>Q¦=�<ea�8fW|G :rJIE,8fl,E,P9J;P9J;�,W�8�[.w>G ]�[;<3QRl$OgSRW|8AG{J;JIG9wzE$8�a
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��<gHb�,:I870,1 090+&�DFE$8ZJI<gQh8A:;8"[\PbOg��JI<gPb] �ÏP9:NP9]$8Râ�� ã.G ]$ahJm=NP&â t ãZ29ÑCB9U�� 0$Ñ vtwsQ ×ZW|G :z[p6�<38>=N8�a�W�Shü7nNB v�B vnp�^D�� [�1
J;P&[;w><g]�J;<3O3O3G J;P9:7[\],Pb��JI[7G ]$a+J;E,8�]^[\�$:;:IP9�,]|a�8�a�W�S&Q G9H9],8>J;<ew�[\E$<g8�O3a�<3],H«*$JIE,<3[Aw>G9],],P9JfW|8Ra�P9],8��ÏP9:ZW|G :z[O38�[I[NJ;E$G9]�0hw>Qo=�<ea�891
I�J�}�JLK �xpWuy<WZ]*6zR9� x/Rp:�]�}=Wuy
DFE,8 �M.8>:I8>]$y9P{6ha�8sJI8�w�JIP9:N�ÏP9:AÈRÉ�ÊYË�Ì¦<e[N�,]��ÏP9:;J;�$]$G{JI8>O3S ],P JfG9[.=N8>O3OYa�8s�$]$8�a�Gb[.J;E,8@:I8�[\JNP9�YJ;E,8@8"Ùb�$<gl�cQh8>]�J�1ØDFE$<3[�<e[�a��,8@JIPhJ;E,8@��Gbw�JFJ;E|G{J�J;E$8@�$:I[\JfH9:IP9�$l�J;Ph8>Í�l$:;8"[;[F<3]�J;8>:I8�[\J�<g]�JIE,<3[Za�8sJI8�w�JIP9:�l,�$OgO38�a�P9�,JP �?ÈhÉbÊYË,ÌéW|8"w>G9�$[\8�P ��J;E,8�O3P9]$HhJ;<3QR8R[;w�G O38�[�<3]�69PbOg6b8�a�G ]$a�a�8>J;8�wsJ;Pb:ZW�8�w>G9Qh8�G ]Á?)ëÚè�M<í����ÏPb:Z[;8>698�:IG9OS98"G :z[>1Ä����JI8>:NJ;E$8AHb:IG9]�J;<3],H�P �rMNX7v�J;PtJ;E,8¯2�_`G9W��,l,Hb:IGba�87G9]$a+ÈRÉ�ÊYË�Ì�<3]�JIE,8A[;l,:I<g]$H�P �rB vbv j$Ú�G�l|G <3:P �ØHb:;Pb�,l$[F�Ï:IP9QðDx8>],],8"[;[;8>8RG l,l$:;P�G9wzE,8"a�JIE,8tw>P9O3O3G9W|Pb:IG J;<3P9]+G W�P9��J�(mP9<3],<3],H^ÈhÉbÊYË,ÌáG ]$a+JIG y�<3],H�Pb]ªGOeG :IH98fa�8>J;8�wsJ;Pb:Ø:;8"[\l�P9]|[\<3W,<3Og<gJmS91ÄDFE,8f]$G J;�,:zG O$l,<g8"ws8fP9�ÛE$G :za�=FG :I8N=FG9[rJ;E,8fPb:;l$E$G ],8"a �M.8>:I8>],ybP{6�[\S�[\J;8�Q�1iFG9[;8�atP9]RJ;E$<3[p<g]�J;8�:;8"[mJ"Ú9<gJp=FG9[��Ï8>OgJØJIE$G{J.G?w>P9Qhl,O38sJI8>O3S��Ï:I8�[;E OgP�P9yt[\E,Pb�,OeatW�8�JzG y98�] G{JrJ;E$8Z[\S�[\J;8�Q�1DFE,<e[�[;E,P9�,OeaÎwsPb]$[\<ea�8�: W|P9J;E�J;E,8^l,E�S�[;<ew>[hP ��ÈRÉ�ÊYË�Ì÷G ]$aùJ;8"wzE,],PbOgPbH9<ew>G O�a�8�698�OgPbl,Qh8>]�JI[RJIE$G{J�E$G�6b8P�w>w>�,:;:I8�aùP{698�:�JIE,8ªOeG9[\J�[\8�698>:zG OFSb8�G :z[�1�DFE,8+:I8�[;�,OgJ�P �7J;E,<e[ 843ìP9:;J�<e[ Gàl,:;Pbl|P�[;G9ONJ;PàW,�,<3O3a)G�f�� ��öa�8>J;8�wsJ;Pb:R:zG{JIE,8>:tJ;E|G ]ßJIE,8�HbGb[ �M.8>:I8>]$y9P{6æ[\S�[\J;8�QµJ;E$G JRE$GbaßW�8>8�]ùl,:IP9l�Pb[;8�aß8�G :IO3<g8�:�1æiN8�w�G �$[;8�JIE,<3[l,:IP9l�Pb[IG OY<e[Z[;P ],8�=?Ú�G9]$a�J;E,8RwsPbOgOeG W�P9:zG{JI<gPb]&<e[Z[\J;<3OgO�8>6{G9Og�$G J;<3],H <gJI[f<3Qhl,O3<3w�G{J;<3P9]|[>Ú�=.8�E$G�698?l,:I8�[;8>]�JI8�aW�P J;EàJIE,8�]$8>=N8>:�f�� ��ößQ G{J;8�:;<eG O.G ]$aÇJIE,8�P9Oea�8�:�HbGb[ �M.8>:I8>],ybP{6ªQ G{JI8>:I<3G9OØE,8>:I891��
�$]|G O.a,8�ws<e[;<gPb]ÇPb]J;E$<3[?w>Og8"G :IOgSªa�8�l|8�]$a,[?Pb]^Q G ]�S+��Gbw�JIP9:z[7<3]$w>Og�$a,<g],H�l,E�S�[;<3w�[>ÚÛQ G ]$l|P{=N8>:"ÚYwsP�[mJz[?G ]$aªJ;<3QR8"[;w�G O38�[�1RDFE$8wsPbOgOeG W�P9:zG{JI<gPb]�<e[�ws�,:I:I8>]�J;O3S�8>6{G9Og�$G J;<3],HRJ;E,8"[\8b1�d]tJ;E,8Zw�G9[;8.P9��W�P JIE �M.8>:I8>],ybP{6�a�8�[;<gHb]$[�Ú <�JØ<e[rl�Pb[I[\<3W,O38N�ÏP9:ÄJ;E$8@ÈRÉbÊ`Ë�Ì 8sÍ�l�8>:I<gQh8>]�JrJIP�[mJzG :;J�JzG y�<3],HÙ��$G O3<gJmSRa,G JIG@=�<gJ;E,Pb��JpJIE,<e[p[;S�[\J;8�Q�<3]�l,OeG9w>891ÄDFE,8>:I8�<e[pG?6b8>:ISt[;P9O3<3ahl,E�S�[;<3w�[rl,:IP9H9:zG QT=�<�JIE�l,<3P9]$[ØJ;E$G Ja�P�8�[�],P Jt],8>8"aàJ;E,8 �M.8>:I8>],ybP{6ì1�ÿZP{=.8�698>:"ÚxGb[@J;E$8&wsPbOgOeG W�P9:zG{JI<gPb]àW|8�H9<3]$[?JIP^[mJI�$a�S��$]$G9ON[\JIG J;8�[�=�<�JIEW�P J;E+E$<3a,a,8>]ªG ]|a�P9l�8>]+[mJI:IG9],H98�],8�[I[�Ú�J;E,8��M.8�:;8�],y9P{6&[\S�[\J;8>Q =�<gO3O`W�8�w>:;�$w><3G9O-1.þ)E$G{JZ�ÏP9O3OgP{=f[fG9:;8A�$:z[\JGha�<e[;w�[;[;<gPb]&P9�`JIE,8tfZ� �ªö�Pbl�J;<3P9]��ÏP9O3O3P{=.8"a�W�S J;E$8?8�G :IO3<g8�:�=.Pb:;y Pb]�JIE,8?HbGb[ �M.8�:;8�],y9P{6�a,8sJ;8"w�JIP9:"1
à �¢ï§¸-Ý��Ý���#{��'Z×�!9æ���������� �"!$#
DFE,8NM.E$8>:I8>],ybP{67a�8>J;8�wsJ;Pb:�Ú�XZ�m~fM7Ú"P ��J;E$87õ d õ d �R8sÍ�l|8�:;<3Qh8>]�JxG JYJ;E,8Nn�6.nrc��\�|Gb[\S�QhQh8sJI:;<ew ¿ c���G9wsJ;Pb:;S7P ���_x�ZMæE$Gb[Äl,:IP{698>]tJ;P@W�8ZG@[\�|w>ws8"[;[\�Ï�,O,]$P{698>O�JI8�wzE,]$<3Ù��,8F�ÏPb:rl,<gPb] G ]$aty{G P9]h<ea�8>]�JI<��|w�G{JI<gPb]i� U9U���� U90�� � U��G��1
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DFE,8�f�� ��öùâ-G9ws:IP9]�S�Qá�ÏPb: � 8sJI8�w�JI<gPb]ªP � ï ]�JI8>:I]$G O3OgS ¸ 8>�$8�wsJ;8"a Ý E$8>:I8>],ybP{6�âÏO3<3H9E�Jzã;ã�<e[ZG :I<g]$H�<gQ G9H9<3],HM.E,8�:;8�],y9P{6Ça�8sJI8�w�JIP9:"1���Jhl,:IP{6�<3a�8"[?JIE,8�<ea�8>]�JI<��|w�G{JI<gPb]äP �fl$<gPb]$[>Úry{G9P9]$[�ÚrG ]$aäl,:;P9J;Pb]$[?�ÏPb:tQhP9Qh8�]bJzG�,l�J;P j|1 UhVA8�q�8{wA=�<gJ;E�E,<3H9E�8sè�w><g8�]$wsSb1ØDFE,<3[f<3[�]$8>8�a,8�a&J;Ph:I8�wsPb]$[\J;:I�$w�J7MNn�6�<gPbO3G J;<3],H ¿ cda�8�w�G�S�[FG9]$aJ;Pàl,:IP{6�<3a,8 ¿ c�Qh8"[\Pb]ß�|G�6bP9:RJIG9H9H9<3],H��ÏP9:hJI<gQh8scda�8�l|8�]$a�8>]�J�Gb[\S�QhQh8sJ;:ISæQh8�Gb[\�,:I8>Qh8�]bJz[>1ÎDFE,8·f�� ��ö:zG9a�<eG{JIP9:z[rwsP9]|[\<e[mJ.P �YO3P9],H?:I8�wsJIG ]$H9�,OeG :ØW|G :z[rQ G9a�87P �Y[\S�]�J;E$8sJ;<ew��Ï�|[\8"a [\<3Og<ew>G�G ]$ahJIE,8fl,E$P J;Pb]�a�8>J;8�wsJ;Pb:<e[AG&=FG{J;8�:ZJzG ],y+8"Ù��,<gl$l|8"a^=�<gJ;EàG ]ÇG :I:IG�S�P �Z2"v,Ú � UbB wsPb]�6b8>]�J;<3P9]|G O`l$E,P JIP c�Q��,OgJ;<3l,O3<g8�:7JI�,W�8�[ â�n.�ªDfã�1iNS+J;E$8�[\�,QhQh8>:�B9v9v9j$ÚZõ d õ d �ßE$Gba^:I8�w>P9:za�8�a�G W�P9��JtBbBb��Qh<gO3Og<3P9] �¿t¿ l|G <3:I[�ÚY8sÍ,w>8>8�a,<g],H�JIE,8�a�8�[;<3H9]O3�,Qh<g],P�[\<gJmS�P9�ÄL�Åb2�vl,|,�Õ wsQ ×>[�1.DFE$8?P9W$[;8>:I6{G{J;<3P9]&P �ra�<3:;8"w�JAMNnÎ6�<gPbO3G J;<3P9]�=�<�JIE+QhP9:I87JIE$G ]�j�[\JIG9]$a,G :zaa�8�6�<eG{JI<gPb]$[A<g]�J;E$8ha,8�w>G�S ¿ ��© ø ´�å��þ� U �)��ÚY=�E$<3wzEÇE$G9[7JIP&W�8 a�<3[\J;<3],Hb�,<3[;E,8"aª�Ï:IP9Q ¿ �ha,8�w>G�S�[7<g]�JIPåu´Äå��ßG ]$a ø ´ ø �pÚ,<e[�Gh[\�$w�ws8"[;[\�Ï�,O`a�8�QhP9]$[\J;:zG{JI<gPb]�P ��J;E$8�XZ�m~fM�� [�w>G l|G W,<3Og<gJ;<38�[�1��<3Qh<gOeG :7J;P&J;E,8hl,E�S�[;<3w�[7l$:;PbH9:zG Q·P ��õ d õ d ��ÚÛJIE,8R[;l�8�w�JI:;P�[;w>P9l�S�l,:IP9H9:zG Q·P �FVAOg�,8�üéa�8>l�8>]$a$[7Pb]J;E$8�w>G l|G W,<3Og<gJmShJ;P <ea�8�]bJI<��ÏS&wzE$G :IH98"a�y{G Pb]$[>1ÄþÇ8�a�<e[;w>�$[;[NJIE,8?l�Pb[I[\<3W,<3Og<gJmS J;P Gba,G l�JFJIE,8�XZ�m~fMÐwsP9]|ws8>l,J�ÏP9:RJIE,8�VAO3�,8�üða,8sJ;8"w�JIP9:RJ;PàwsPbQRl$Og8�QR8�]�JtJIE,8�l$G :;J;<ewsO38&<ea�8�]bJI<���w>G{JI<gPb]ä<3]��ÏP9:IQ G{JI<gPb]äP �ZJ;E,8�J;:zG9wzy�<3],HwzE$G9Q�W�8>:z[NG9]$a&J;E,8@JI<gQh8>c�P9��c-�$<3H9E�J�â�DZ4A�rãFa�8>J;8"w�J;Pb:F�ÏP9:�QhP9Qh8�]bJzGhG W�P{698R29ÑCUtÒ?Ó{ÔNÕ{Ö{1
�����hÖ à Ö à ¸µ�¢ï§¸-Ý
DFE,8.l,E�S�[;<ew>[Yl$:;PbH9:zG QÐP9��J;E,8�õ d õ d �i� U ����a�8>J;8�wsJ;Pb:`<e[YJIPfP9W$[;8>:I698.MNnª6�<3P9OeG{JI<gPb]�G ]$aAJIPZl,:IP9W�8rJIE,8N��JzG ]�ca,G9:Ia��+P�a�8>OxP �rnrG :;J;<ewsO38AnpE�S�[;<ew>[FW�S&w>P9O3Og8"w�J;<3],Hh8>]$P9�,HbE ¿ c�Qh8"[\Pb]�a�8"w>G�S�wzE|G ],],8�O3[NJIP P{698�:\cdwsPb]$[mJI:IG9<g]l,:I8�a�<ew�JI<gPb]$[�1ÄDFE$87[;P9�,:zws8fP9� ¿ QR8"[\Pb]$[Ø<e[.J;E,8@n�6.nrc��\�rG9[;S�QhQR8>J;:I<3wZÓ¦´rÓl��w>P9O3Og<ea�8�:�� 09v�� � 0,2µ� � 0�B¦��Ú�=�E,8>:I8�?VA8>q)8�Og8"w�J;:IP9]|[�[\J;:I<3y98FL,132�VA8�qÎl|P�[\<gJ;:IP9]$[Äl$:;P�a��$w><g]$HY�Râ�j��,ãx:I8�[;P9]$G9]$ws8"[x=�<gJ;EhGAW|P�P�[mJrP ��¤3Kn�Ðv,ÑCU 0$1DFE,8��RâÏj��$ãf:I8�[;P9]$G9]$ws8�a,8�w>G�S�[Z],8�G9:;O3S�8sÍ,wsO3�$[;<g6b8>O3S&<3]^G�l|G <3:7P9� ¿ G9]$aªG ]�JI<�c ¿ Qh8�[;P9]|[>1ADFE,<3[AG O3O3P{=f[l,:I8�w><3[;8?Qh8�G9[;�,:I8>Qh8>]�Jz[�P ��J;<3Qh8scda�8>l�8>]$a,8>]�JAGb[\S�QhQh8sJ;:I<38�[�<3] ¿ Qh8�[;P9]+a�8"w>G�S�[F=�E,<ewzEªw>G ]+W�8�:I8>OeG{JI8�aJ;PRJIE,8tMNnÎ6�<gPbO3G J;<3P9]�l$E$G9[;8@<g]�J;E$8tMNG W,W,<3W�P c 5@P9W$G�S�G9[;E,<�cd�ªGb[\y{G�=FGRâ�M75?�^ãNQ G{JI:;<gÍ/� 09L���1
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��<gHb�,:I8�0,1 0��9&.DFE,8�[;<3a�8>c�6�<38>=ýP ��J;E,8#õ d õ d �Ça�8>J;8�wsJ;Pb:Z=�<gJ;E�J;E$8�wsPbQRl�P9]$8>]�JI[�P9�ÄJ;E,8�X7�m~fM}<g]$a,<3w�G{J;8"aâÏ�$],<�Jz[�<3]�w>Q�ã�1
õ d õ d �+<e[NGtJmS�l,<ew>G9Oìw>P9O3Og<ea�8�:fa�8sJI8�w�JIP9:FW,��JZGb[\S�QhQh8sJI:;<ew>G9OgO3Shl,O3Gbws8"a&G9:;Pb�,]$a JIE,8@<g]�JI8>:zG9w�JI<gPb]�l�P9<3]�JJ;P�8�]$[\�$:;8R],8�G9:;O3S��Ï�,O3Op[\PbOg<ea^G9],H9O38hwsP{698�:IG9H98�<3]^W�P�Pb[\J�â��ÏP9:I=FG :za$ãZa,<g:I8�wsJ;<3P9]ùâ-[\8�8R��<3H$1Y0$1 0�� ã�1tDFE,8hOgP9cw>G J;<3P9]�P �ÄJIE,8�l$G9:\JI<3w>Og8?<ea�8>]�JI<��|w�G{JI<gPb]ª[\S�[\J;8>Q <3[Z:IGba�<eG O3OgS�W�8sJm=N8>8�]�J;E,8ta�:;<g��J7wzE$G9Q�W�8>:ZG9]$a�G&MN[;�sâ�DFO�ãws:IS�[mJzG ONw>G O3P9:I<3QR8>J;8�:�1+DFE,8�:;8>�ÏP9:I89ÚÄGª[\Q G9OgO.:IGba�<3G J;<3P9]æO38>],H9J;Eß<e[�l$:;8>�Ï8>:I:;8"aÇJ;P^G�6bP9<eaÇa,8sJ;8�:;<3P9:zG{JI<gPb]àP �J;E$8&8>Í�w>8>O3Og8�]�Jt8>]$8>:IH9SÇ:;8"[\PbOg��JI<gPb]æP �fJIE,8�w>G O3P9:I<3QR8>J;8�:�1^DFE$8if�� ��öäQh<g]$<gQh<3ç>8�[tJIE,8&:zG9a,<3G9O.a�<3Qh8>]$[;<gPb]G ]|aßy98�8>l$[tJIE,8+G QhP9�,]�J P �7:;8"Ùb�$<g:I8�aùw>G O3P9:I<3QR8>J;8�:tQ G{JI8>:I<3G9O?â�wsP�[mJ�ãR[\Q G O3O�1äkflùJ;PæG�QRPbQh8>]�J;�,Q÷P ��{vbv��+8�q�8 w Ú�J;E$8@a,:;<g��JfwzE$G QtW|8�:Fw�G ]&l,:;P{6�<ea�8Al,<gPb]�c�y�G9P9]�[\8�l$G :zG{JI<gPb]�W$G9[;8�a�P9]�J;E,8¯÷ ¼ Õ)÷lÓòQh8�Gb[\�$:;8>cQh8>]�J�1�47],OgS�<��Fl,<3P9]�c�y{G Pb]Ç[;8>l$G9:IG J;<3P9]��,lÇJ;P+j$ÑCU�Ò?Ó{Ô.Õ{ÖRl$G9:\JI<3w>Og8hQhP9Qh8�]bJI�,Q <3[?G�6{G <3OeG W,O38 w>G ]ÇP9]$8a�<e[mJI<g]$H9�,<e[\EäJ;E,8+wzE$G9],],8�O3[ ¿ �/©�åu´rå��ý�Ï:IP9Q ¿ �/© ø ´�å��ýPb: ¿x� © � å � �Ï:;PbQ ¿S� © � øz� Ú<3]bJI8>:I8�[\J;<3],H��ÏPb:NJ;E,8AQh8�G9[;�,:I8>Qh8>]�JFP �`<3]$a�<3:I8�w�JFP9:Fa�<3:;8"w�JZMNnä6�<3P9OeG{JI<gPb]Y1��ªP9:I8>P{698�:�Ú9J;E,87�|G�6bP9:.w>P9]�J;8�]�JP �|J;E,8�:I8�w>P9<3O ¿ â&�¿ ã�],8�8�a,[�JIPAW�8FJIG9H9Hb8�a�W�S�<ea�8�]bJI<��ÏS�<3],H@y{G P9]|[Ä<g]R<�Jz[Ø[;�$w>w>8�[I[\<3698Fa�8�w�G�S�[x=�<gJ;EhQhP9Qh8�]bJzGW�8>O3P{=Tj+Ò?Ó{Ô.Õ{Ö 1t�d]æG9a$a�<�JI<gPb]YÚ��ÛÚ�wzE$G :IQRcIÚYG9]$a^O3<3H9E�J\cdÙ��$G :Iy+Qh8�[;P9]à[\l�8�wsJ;:IPb[IwsP9l�S�l,:IP �,J@�Ï:IP9Q y{G9P9]<ea�8>]�J;<g�|w�G{J;<3P9]`1DFE,8�a�<?3�8�:;8�]$ws8F<3]RJ;E,87M.E,8�:;8�],y9P{6�G9],H9O38NW|8>Jm=.8�8>] GAl,<gPb]RG9]$aRG7y{G9P9]hG{JØj$1 v@VA8>q�8 wNQRPbQh8>]�J;�,Q�<3[0,1CUFQh:zG9aÛ1�DFE,8>:I8s�ÏPb:;8bÚ"GfL7[mJzG ]$a$G :za?a�8>6�<eG{J;<3P9]?åxÕ ø [;8>l$G9:IG J;<3P9]?:I8�Ù��,<3:;8"[Û:;8"[\PbOg�,J;<3P9]?P ��JIE,8FM.E$8>:I8>],ybP{6G ]$H9O38@�ÏP9:ZHb<g6b8>]+GRJ;:zG9wzy&P �pB�1CBRQh:IGba�P9:fW�8sJ;J;8�:tâ�[;8>8t�x<3H$1�0,1 09��ã�1F�x<3]$G9OgO3S9Ú$J;P�Pbl|8�:IG J;8�[;�$w>w>8�[I[m�Ï�,O3O3S&<3]J;E$8RE$<gHbE�c�O3�,Qh<3],Pb[;<�JmS+8�]�6�<3:IP9],Qh8>]�J@P �Fn�6pnØc��;��Ú$JIE,8�M.E,8>:I8>]$y9P{6+a�8sJI8�wsJ;P9:@E$Gb[7J;P�W|8h:zG9a�<eG{JI<gPb]^E$G9:IaYÚ
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��<gHb�,:I8�0,1 09�+&äDFE,8àa�<?3�8�:;8�]$ws8Ç<g]}J;E,8ßM.E,8�:;8�],y9P{6)G ]$H9O38�[�W�8sJm=N8>8�]}l,<3P9]|[>Ú7y�G9P9]$[�Ú7G9]$aÐl$:;P9J;P9]|[�<3][;S�]�JIE,8sJI<3w?Ù��$G9:\JIç91

â@#{%�'��9%^¡��-�+!«Þ��"�x�·Ö à Ö à ¸��kï4¸:Ý
DFE,8�fZ� �ªö?�$[;8�[YJ;E,<3]YÚ{O3P9],HZ:;8"w�JIG9],H9�$O3G9:ÛW$G :z[YQ G9a,8ØP �$[;S�]bJIE,8sJI<3wr�Ï�$[\8"a�[;<gO3<3w�G�â�Ù��$G9:\JIç"ãU� 0 j;�ìâ-ÿ ��þ �+_½ 2��?QhQ �ßLbU?QhQ �æj��9v9v�QRQ�ãpW|P9J;E�G9[�M.E,8>:I8>],ybP{6�:zG9a�<eG{JIP9:z[pG9]$a O3<gHbEbJFH9�$<3a�8"[7â�:;8>�Ï:IGbw�JI<g6b8f<g]|a�8sÍ¥ F �ð2bÑ j�� ãs1&iFG :z[?G :I8 H9O3�,8�a�JIP9H98>J;E,8�:@�Ï:;PbQò�ÏPb�,:�l,<38�w>8�[�Ú`8"G9wzEÎ2"BbB9U&QhQ�O3P9],H|1��fO3OØJIP9Hb8sJ;E$8>:"Úp2>jbjW$G9:I[NG :I87G9:;:zG ],Hb8�ah<3]&G�2"B�cd[;<3a�8"a l�P9O3S�HbP9]$G9O$W$G9:;:I8>O�=�<gJ;E&Gt:zG9a�<3�$[.P �xG9W|Pb��JF�9jtw>QáG :IP9�,]$a J;E,8AW|8"G QG{Í�<e[>1ØDFE$8tfZ� �ªö+W$G9:I[F8>Í�J;8>]|a�2{�{�hwsQo�ÏP9:I=NG9:Ia��Ï:;PbQáJIE,8?<g]�JI8>:zG9w�JI<gPb]&l�P9<3]�JfP ��õ d õ d �^w>P{698�:;<3],Hh���'�P �7J;E,8�l�P9OeG :h[\PbOg<ea�G ],HbOg8&<g]ùJ;E,8+w>8>]�J;8�:\c�P ��c�Q G9[I[��Ï:zG Qh891ùDFE,8+G ç><3Q��,J;E$G9OFw>P{698�:IG9H98�<e[h�9L��¤ÚN[\<3]$w>8J;E$8>:I8�G9:;8�HbG9l$[�W�8sJm=N8>8�]ßJIE,8�W$G :z[hG{JRJ;E,8à2"B^[\<ea�8"[tP9�ZJIE,8&:zG9a,<3G J;P9:Rl�P9O3S�HbP9]Y1�6p698�:;SÎ2"B^W$G9:I[RG :I8E,Pb�$[\8"a�<3]�GtW|G :;c�W�P�Í�[\�$:;:IP9�,]|a�8�a�W�S�],<�JI:;PbH98�]&G{JZ��D�n â�<g]$a,8sÍ¢¥ × �¬2"ãs1ØDFE,8@W|P�Í�<e[FW,�,<3OgJfQRP�[mJIOgS�P �G O3�,Qh<3]��$QoE,Pb],8>S�wsPbQ�W&QhG J;8�:;<eG O�1rDFE,8?:IGba�<eG{J;<3P9]�O38>],H9J;EàâaÓ � ãNP9�`JIE,8?W$G :z[F<e[@2>j9��Ú,G9]$aÇ2����¦�ÏP9:FJ;E$8�Ï�,O3O`G9[I[;8>Q�W$OgS�G J�l|8�:;l�8>]$a,<3w>�,O3G9:�<g]|ws<ea�8>]$w>891p� [IwzE,8>Q G J;<ew76�<38>=ý<3[Fl$:;8"[\8�]bJI8�a&<g]+��<3H$1$0$1 0b�,1

��<gHb�,:I8f0,1 09�<&�_Y8>��JG&�qZ<38>=)P �ÛG?W$G9:\c�W�P�ÍtG9[I[\8�Q�W,O3S91N2"B7W$G9:\c�W�P�Í�8"[r[\�$:;:IP9�,]|a�JIE,8Za�:I<g��J.wzE$G QtW|8�:�1Ä~�<3H9E�JG&nØOeG9w>8>Qh8>]�J�P �xJ;E,8?W|G :;c�W�P�Í�<g]�JIE,8tõ d õ d ��a�8>J;8�wsJ;Pb:fG W�P{6987J;E,8�w>S�O3<3]$a�:I<3w�G OYa�:I<���JZwzE|G Q�W�8>:"1
DFE,8hl,:I<g]|ws<3l,Og8hP9�pJ;E$8�XZ�m~fM <e[?[;E,P{=�]^<3]æ�x<3H$1Y0$1C� v,1RDFE,8 XZ�m~fM <gQ G Hb<g]$H&=NP9:Iy�[7O3<3y98hG&l$<g],E$P9O38�ÏP�ws�$[Zw>G Qh8�:IGt=�<�JIE�J;E,8?W$G9:fws:IPb[I[F[\8"w�J;<3P9]�[;QhG9OgOYw>P9Qhl$G9:;8"a�JIPtJIE,8?<3QhG9H9<3],Hhl,OeG ],8b1
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Mirror

4.9 m

4 x 1.225m Bars

glued end-to-end

Purified Water

Wedge
Track

Trajectory

17.25 mm Thickness

(35.00 mm Width)

Bar Box

PMT + Base

10,752 PMT's

Light Catcher

PMT Surface

Window

Standoff

Box

Bar

{ {
1.17 m

��<gHb�,:I8@0$1C� v<&ÄDFE,8?l,:I<g]|ws<3l,Og8?P9�`JIE,8tõ d õ d ��X7�m~�M71

��<3]$ws8@JIE,8�:I8s�Ï:zG9wsJ;<3698?<3]$a�8sÍ�P �ÄJ;E$8�:IGba�<eG{J;Pb:�W$G :�¥ F <3[fO3G9:;Hb8>:FJ;E|G ] À B�Ú�G ws8>:;JIG9<g]��Ï:zG9wsJ;<3P9]�P �ÄJ;E$8M.E,8�:;8�],y9P{6Rl,E,P9J;P9]|[.l$:;P�a��$w>8�a�W�S�Gt:I8>OeG{J;<36�<3[\J;<ewAwzE$G :IH98"ahl$G :;J;<ewsO38ZJI:IG�6b8>:z[\<3],H?JIE,8@Ùb�|G :;J;çAW$G :N=�<gO3OÛW�8J;P9JIG9OgO3S�<g]�J;8�:;]|G O3OgS�:I8s�$8"w�J;8"aÛÚì:;8�HbG9:Ia�O38�[I[fP9�rJ;E,8R<3]$ws<ea�8>]|ws8hG ],HbOg8tP �ØJIE,8�JI:IGbwzyìÚ�G9]$aªl,:IP9l|G HbG J;8�G9OgPb],HJ;E$8tO38>],H9J;E�P �rJ;E$8tW$G9:�1�47],O3S�P9],8R[\<ea�8R<3[76�<g8�=.8"a+W�S�J;E,8hnp�^D¬G :I:IG�S�G ]$a�G�Qh<g:I:IP9:tâ�:;8>�$8�wsJ;<36�<�JmS·��bB��RãÄ<3[.l,OeG9w>8�ahl�8>:Il|8�]$a�<ews�,OeG :pJ;P�JIE,8ZW|G :.G Í�<3[pP9]hJ;E$8ZP JIE,8>:.8>]$aYÚ�=�E$8>:I8fl|P�[\<gJ;:IP9]|[Ø8>]�JI8>:ØJIE,8�õ d õ d �a�8>J;8�wsJ;Pb:�1rX7�,8AJ;PtJ;E,8@W�P�P�[mJFP �xJ;E,8N�Râ�j�­ØãrJ;E,8�:;8@<e[NGtE,<3H9E,8�:�a�8>]$[;<gJmS P �xwzE$G9:;Hb8�ahJI:IGbwzy�[ØJIP{=NG9:Ia,[pJ;E$8Qh<g:I:IP9:Z[;<3a,8tG ]|a�E,8>]$w>8�<gJ7<e[fO38�[I[Zl$:;8>�Ï8>:zG W,O38@�ÏP9:ZJ;E,8t:;8"G9a�Pb��J�17��<g]$w>8?J;E$8�:I8�w�JzG ],Hb�,OeG :fW$G9:Z<e[ZP9�rE,<gHbEP9l,J;<ew>G O$l,:;8"ws<e[\<3P9]�âÏQh8"G ] [\�$:\��Gbws8�:I8s�$8"w�J;<36�<�JmS��Ð�b�,1 �90�� l|8�:ØW|Pb�,]$w>8fG{JØj9j�B7],QTl,E$P J;Pb]h=NG�6b8>O38>],H9J;E|ãsÚJ;E$8 <g],<gJ;<eG O.a�<g:I8�wsJ;<3P9]ÇP �NJ;E,8 l$E,P JIP9]Ç<3[?l$:;8"[\8�:;6b8�a+JIE,:IP9�,HbE,P9��J@<gJI[?l,:IP9l|G HbG J;<3P9]YÚÛQhP�a��,O3P+O38s��Jµ8{:;<3H9E�J"Ú�,l�8 a�P{=�])G ]$aù�ÏPb:;=FG :za«8�W|G9wzy�=NG9:IaæG9Q�W,<3H9�$<�JI<g8"[>1ýDFE,8ªOeG{J\JI8>:�<e[ :I8�[;P9O3698"aäW�SùJ;E,8+Qh8�Gb[\�$:;8�QR8�]�J�P �J;E$8�l,E,P9J;Pb]ªG :I:;<36{G OÛJI<gQh891ADFE,8�W$G9:I[ZE$G�698?6b8>:IS&E$<gHbE+Og<3H9E�JZJI:IG9]$[;QR<e[I[\<3P9]æâ��b�,1 ���oG{JZjbj�BR],Qðl,E$P J;Pb]=FG�698>O38>]$H J;E�ãØ:I8�Ù��,<3:;8"a��ÏPb:FJ;E,8@JmS�l,<ew>G9OÛl,E,P9J;P9]|[Fl$G{JIE�c�O38>]$H J;E|[FP �r0�JIP�B vtQ�1nØE$P J;Pb]$[Ø8>Í�<�JI<g],HtJ;E$8AW|G :N<g]&J;E,8@a�P{=�]�=FG :za a�<g:I8�wsJ;<3P9]YÚ�Pb:.=�<gJ;E�O3G9:;Hb8Z8>Í�<gJ�G ],HbOg8"[p=�<gJ;E&:;8"[\l�8�wsJ.JIPJ;E$8�W$G9:7O38>],H9J;E^G Í�<3[�Ú�G9:;8�l$G :;J;O3S&:I8�w>P{698�:;8"a&<3]�J;P�J;E,8t<g]$[\J;:I�,Qh8>]�JI8�aªG9:;8"G W�S�G�l,:;<e[;Qµâ�=.8"a�H98�ã�1ADFE,<3[P9l,J;<ew>G Or8�Og8�Qh8>]�J�<3[��,2RQRQ�OgPb],H+G ]$a�JIE,8hJ;Pblà[;<ea�8hE$G9[?G+Lbv å P9l�8>],<3],HªG ]$H9O3891 DFE,8 W�P J\JIP9Q [\<ea�8h<3[[;Og<3H9E�J;O3S&J;<3O�JI8�aª�$l�=FG :za,[ZW�S�0�Qh:zG9aÛ1Z��J7:I8�a��$w>8�[ZJ;E,8t:;8"Ù��,<g:I8�a�l$E,P JIP9]�cd[\8�]$[;<�JI<g6b8�G :I8�GhW�S�QhP9:I8?J;E$G9]Gt��G9wsJ;P9:�P9�xJm=NP$1�TJ;E,<3]�â-��QhQ�ãAÙ��$G :;J;çt=�<g]$a,P{=T[\8�l$G :zG{JI8�[fJ;E,8hl,:I<3[;Qð�Ï:IP9Q·J;E,8 [;P&w�G O3Og8"a^[\JIG ]|a�P;3æW�P�Íäâ-�$4Ai�ã�ÚGà=FG{J;8�:hJIG9],yß�$O3O38�aÎ=�<gJ;EÐ09vbv9v�Og<gJ;8�:I[�P �@l,�,:I<��$8"aÎ=NG J;8�:ªâa¥ , �K29Ñ L9L�ã�<3])GÇJ;Pb:;Pb<3a,G9Of[\E|G l�891 DFE$8W$Gbwzy�l$O3G9],8hP �NJ;E,8��$4AiT<3[�a�<g6�<ea�8�aÇ<3]�J;Pæ2"B�[;8�wsJ;P9:z[�ÚY8�GbwzEÇ8"Ù��,<gl$l|8"a�=�<gJ;Eß�b�90�wsPb]�698>]�JI<gPb]$G OÄl,E,P9J;P9cQ��$O�JI<gl,O3<38>:xJ;�,W�8�[�� 0bU¦�YâÚ�ÎBbUl�}Ù��$G ]�J;�$Qý8>è�ws<38>]$w>S@G J�j�v9vF],Q¬=FG�698�Og8�],H JIEYÚ{B9U vf],Q ó@0bU9v�],Q [;l|8"w�JI:IG9O:zG ],Hb8"ã�Ú���Gbws<3],HRJ;E,8?=N8�a,H98AP �rGRw>P9:I:;8"[\l�P9]|a�<g]$H�W$G9:�W|P�ÍÛ1Øÿf8>Í,G H9Pb]$G O�:I8s�$8"w�J;Pb:I[@â�Og<3H9E�JZw>G JIwzE,8�:I[zã.=�<�JIE=FG{J;8�:\c�:I8�[;<3[\JIG9]bJÄ:IE,P�a�<g�$Q�[;�,:\��Gbws8"[r[\�,:I:IP9�,]$a�J;E$8fnp�ªD�w>G J;E,P�a�8"[r<gQhl,:IP{6�<g]$HZJIE,8Za�8>J;8�wsJ;<3P9]h8sè�w><g8�]$wsSW�S?G W�P9��JØB v9��1�DFE,8N:IG J;<3PZP �,:I8s�Ï:zG9wsJ;<3698.<g]$a,<3w>8�[�¥ F Õ�¥ , <e[`],8"G :IOgS@=FG�698�Og8�],H JIE?<g]$a,8>l�8>]$a�8�]�J�1Ä��J�:I8�a,�$ws8"[<3]bJI8>:I]$G Oì:I8s�$8"w�JI<gPb]�G JNJIE,8@W$G :;c�W|P�Í =N8�a�Hb891r�,�,:;J;E$8>:IQRPb:;8bÚ�J;E,8@8sÍ�<gJZG ],HbOg8A<e[FQhG9H9],<g�$8"a�W�S J;E$<3[F:zG{JI<gP|Ú<3]$ws:I8�Gb[\<3],HtJ;E,8?l�Pb[;<�JI<gPb]�:;8"[\PbOg��JI<gPb]�P9�xJIE,8?l,E,P9J;P9]|[>1DFE,8ßa�8>J;8"w�J;Pb:+l,:IP{6�<ea�8"[�G�JIE,:I8>8ßa�<3Qh8>]$[;<gPb]$G O?Qh8"G9[;�,:;8�Qh8>]�J+P �RJ;E,8æl,E$P J;Pb] <g]ýJ;E$8æ6�G9:;<eG W$Og8"[â2  È �� ¢¡ ãsÚ�J;E,8Al,E,P9J;Pb]�8sÍ�<gJFG9],H9O38�[.=�<�JIE�:I8�[;l|8"w�J.J;PtJ;E,8AW$G :FG{Í�<e[>Ú�G ]|a J;E$8AG9:;:I<g6{G9O,J;<3Qh8@P �ÛJ;E$87l,E$P J;Pb]ë 1 1ØDFE,8�[;l$G{JI<3G9OÛl|P�[\<gJ;<3P9]�P ��J;E$8AW|G :FJ;E$:;Pb�,H9E�=�E,<ewzE&JIE,8@J;:zG9wzy l|G9[I[\8"a&G9]$a�JIE,8?l$G9:\JI<3w>�,O3G9:�np�ªD E,<gJ
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º Þ ½ � º ×! Á º ×Þ9£ & Õµø & Ñ â�0,1CB v�ã
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âZ*,#"�"%��b��� Ì !�Êß��'ì��*à*,'�¹ à '�Ë����Ç!«Þ�ïs'��9%^¹���'x�b� �d]^G JmS�l$<3w�G O`:I8�Gbw�JI<gPb]i¤:¨�©uâ�QR8"[\Pb]$[;ã�¨�=�<�JIE[\J;:zG ],Hb8>],8"[;[7l,:IP�a,�$w�JI<gPb]YÚ`U v9�áP9�pJIE,8tl$<gPb]$[@G ]$a�y{G P9]|[tâ-[\PbQR8�=�E$G{JA�Ï8>=N8>:@l,:IP JIP9]$[zã�l$:;P�a��$w>8�a�=�<�JIEQhP9Qh8>]�JzGhW|8>Jm=.8�8>]à2�Ò?Ó{Ô.Õ{Ö>G ]$a+UhÒ?Ó{Ô.Õ ÖsG :I:;<3698?G J�J;E,8RM.E$8>:I8>],ybP{6�a�8sJI8�w�JIP9:fl$O3G9],891.�d]�Q G9]�S�w>Gb[\8"[[\J;:zG ],Hb8>],8"[;[twsP9]|[\8�:;6{G{JI<gPb]ßw>G9]ßW|8��$[;8�aàJIP^:I8�w>P{698>:�J;E,8&�$]$G9OF[\JIG J;8&<��fJIE,8�:;8�QhG9<g]$<g],H^l$G :;J;<ewsO38�[RG :I8<ea�8>]�J;<g�$8"a�=�<�JIEªE,<3H9E�8sè�ws<38>]|wsS91�ÿZ<gHbE,OgS�8sè�w><g8�]bJAG ]$a�:I8�a��,]|a,G ]�JZy{G Pb]�<3a�8�]�J;<g�|w>G J;<3P9]+<e[�:;8"Ù��,<g:I8�a&JIPG9w�ws8"[;[AG�OeG :IH98�6�G9:;<38sJmS+P9�Ø�$]$G9Or[mJzG{J;8"[@G ]$aªJ;P�:;8"a��$ws8RwsPbQ�W,<3]$G{JIP9:I<3G9OxW|G9wzy�H9:IP9�,]|a�<g]^J;E,8 [;8�G :zwzE+�ÏPb:],8�=ä[\<3H9]|G Oe[>1��ùl|G :;J;<ewsO38.<ea�8>]�JI<��|w�G{JI<gPb]twsP{6b8>:zG Hb8r=�<�JIERw>P9]$[\JIG9]bJÄ8sè�w><g8�]$wsS�G9]$a�O3P{=ßQh<3[\c�<3a�8�]�J;<g�|w>G J;<3P9]:zG{J;8+P{6b8>:hJIE,8+�Ï�,O3O7QhPbQR8�]�J;�,QK:IG9],H98�<e[�8"[;[;8>]�J;<eG OfJ;Pßl�8>:;�ÏP9:IQ¤G9],H9�,OeG :�G9]$G O3S�[\<e[ P9�7JIE,8><3:&a�8"w>G�S�[�1
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��<gHb�,:I8A0$1C�9B�[;E,P{=f[.J;E,8?QhPbQR8�]�J;�,Qo[;l�8�w�JI:IG��ÏP9:FJIE,8@l,<3P9]$[�Ú�y{G P9]|[>Ú,G9]$a�l$:;P9J;P9]|[.=�E$<3wzE�G :I:;<3698AG{JFJ;E$8M.E,8�:;8�],y9P{6�cda�8sJI8�w�JIP9:Nl,OeG ],8A�ÏP9:FJIE,8@Jm=NPR:I8�Gbw�JI<gPb]$[§&¤�¨ © ø ùN� â��b�bB9ã ø ùN� â-�9�bBbã ¨ â�0,1CB�2�ã© ø ´ å � ø � å ´ ¨¤�¨ © ø F âm2�Bb�{v�ã ø � ¨ â�0,1CB9Bbã© ø ù4� å ´ ø � ¨© ø � å � å ´ ø � ¨�Ñ
DFE,8"[\8AG :I8�JmS�l,<3w�G O�:;8"G9wsJ;<3P9]$[p=�<�JIE�QhP9:I8fJ;E|G ] Jm=NP��$]|G Oì[mJzG{J;87l,<3P9]$[NG ]$a�y�G9P9]$[�1��d] J;E,8"[\8Z�$]$G9Oì[\JIG J;8"[y{G Pb]�c�l$<gPb]�[;8>l$G9:IG J;<3P9]&<3[�:I8�Ù��,<3:I8�a��$l�J;P GhQhP9Qh8>]�J;�$QoP �ØURÒ?Ó{Ô.Õ{Ö 1piFG9[;8�a&P9]i÷ ¼ Õ;÷'ÓµG ]|a�DZ4A�äGL�[mJzG ]$a,G9:Ia+a,8>6�<3G J;<3P9]Ç[\8�l$G :zG{JI<gPb]+<3[AP9W,JIG <3],8"aª�,l^J;PÇ29ÑCU�Ò?Ó{Ô.Õ Ö�QhP9Qh8>]�JI�,Q�ÚÛ=�E,<gO38R=�<�JIEªJ;E$8Ry{G9P9]J;E$:;8"[\E,PbO3a�<3]ªG�X7�m~fMýG{J7v$Ñ j�UhÒ?Ó�ÔNÕ{Ö@8�],P9�,HbE+l,E,P9J;P c�8>O38�wsJ;:IP9]$[�G9:;8�w>:;8"G{JI8�a��ÏP9:78sè�ws<38>]�J@M.E$8>:I8>],ybP{6<3QhG9H9<3],H$1?DFE,8tl,:IP J;Pb]^[;l|8"w�J;:I�,Qñ8>Í�JI8>]$a$[ZJIP�B�Ò?Ó{Ô.Õ{ÖtG ]$a^W|8�OgP{=é2hÒ?Ó{Ô.Õ Ö�G�X7�m~fM a�8>J;8�wsJ;Pb:@Gbw�Jz[G9[�GtJIE,:;8"[\E$P9Oea�M.E,8�:;8�],y9P{6�a,8sJ;8"w�JIP9:F�ÏP9:FJIE,<e[�l$G :;J;<ewsO38AJmS�l|8b1
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��<gHb�,:I8�0,1 � B<&FDFE$8�l$G9:\JI<3w>Og8tQRPbQh8>]�JIG�G JZJIE,8 M.E$8>:I8>],ybP{6&a�8>J;8�wsJ;Pb:Zl,OeG ],8�âv� ½ j�U v w>Q�ã��ÏPb:fJ;E$8�Jm=NP:I8�G9wsJ;<3P9]$[Fa�8"[;w>:;<3W�8�a�<g]&J;E$8@J;8sÍ�J�â�åU& l,<3P9]|[>Ú ø & y{G9P9]$[�Ú)¨Z& l,:IP J;Pb]$[zã�1
��<gHb�,:I8^0,1 �{Læ[;E,P{=f[ JIE,8^l�P9OeG :&G ],HbOg8ª=�<gJ;E}:;8"[\l�8�wsJ�J;PßJ;E,8 � cdG{Í�<e[R�ÏP9:&J;E,8ÇwzE$G :IH98"aù�$]$G OA[mJzG{JI8l$G9:\JI<3w>Og8"[F<g]&J;E,8?:I8�Gbw�JI<gPb]$[�6pÙ�1�0,1CB�2b1ÄDFE$<3[�G9],H9O38AJmS�l$<3w�G O3OgS�a,P�8"[F],P Jf8>Í,ws8>8"a^2�URa�8>Hb:;8�8�[�1�np<gPb]$[F=�<�JIEl�P9OeG :fG ]$H9O38�[NH9:I8�G J;8>:NJIE$G ]à2"Uta�8�H9:I8>8�[NJmS�l,<ew>G9OgO3S�E$G�6b87QhPbQR8�]�JIGRW|8�OgP{=�2�Ò?Ó{Ô.Õ{Ö 1

ÖR��*+Ê Öt*,�¦×uË|#{!|��'�¹ þ�8�Gb[;[;�,Qh8NG9]�8�Og8"w�J;:IP9]tW|8"G QTw>�,:I:;8�]bJÄP ��L��Y��1 DFE,<e[x<e[�J;E$8NE$<gHbE�c�O3�,Qh<3],Pb[;<�JmS[Iws8>]|G :I<gP&�ÏP9:@JIE,8�ÿZG9OgOgc�Xál,:;P'(m8�wsJ�1hþ�8��$[\8 G&�Ï�,O3ONV�6.��gZD¦[;<gQt�,O3G J;<3P9]ÇP �.J;E,8�VAO3�,8>ü a�8sJI8�w�JIP9::� 0��G�J;P�JI:IGbwzyªl,:I<gQ G9:;SªG9]$aà[\8"wsP9]|a,G :IS+l$G :;J;<ewsO38�[�1�DFE,8�wzE|G :IH98�a^l$G :;J;<ewsO38hW$G9wzy�Hb:;Pb�,]$aª=�E$<3wzEæw>G9]æws:I8�G{JI8M.E,8�:;8�],y9P{6AOg<3H9E�JrwsPb]$[\<e[\JI[xQRP�[mJIOgS@P9�$8>O38�wsJ;:IP9]$[�G ]$a�l|P�[\<gJ;:IP9]$[�wsPbQh<g],HZ�Ï:;PbQ¬�,l$[\J;:I8�G9QýPb:`�Ï:IP9Q l,E$P J;Pb]wsPb]�698>:z[;<gPb]$[p<3]�J;E,8tM.E$8>:I8>],ybP{6�a�8sJI8�w�JIP9:"1��<gHb�,:I8.0,1 ��j7[\E,P{=f[`J;E$8Nw>P9Q�W$<g],8"a?8>O38�wsJ;:IP9]�c�l�Pb[;<�JI:;Pb]?:IG J;8.G9OgPb],H�JIE,8eÓ�cdG{Í�<e[`<3]�Pb�,:`6�<3:\JI�$G O�a�8>J;8�wsJ;Pb:l,OeG ],8tG{J�� ½ j�U v w>Q�1Zþ�8tP9W�JzG <3]ª:IG J;8"[�W|8�OgP{=é2"v9vhy�ÿfçtl|8�:7w>Qµâ�B vbvhy�ÿZç�l�8>:?B wsQ�ãZG{JAa,<3[\JIG9]$ws8"[P �pG9W|Pb��JA0&wsQ·�Ï:IP9Q·J;E,8tW|8"G QñG{Í�<e[>1ADFE,8�JIP JzG O�:IG J;8�<3]�J;8>Hb:IG J;8"a�P{698>:AG O3O`P9�zûÇG9]$a��Ï:IP9Q �A0�wsQ·JIP�A0bU�wsQ âÏJ;E,8@E,PbOg8A:IGba�<3�$[IãpP �cÓ <3[�G J.JIE,8@QRP�[mJ��9vbv�y�ÿfçb1rDFE,87<3]�J;8�H9:zG{J;<3P9]��Ï:;PbQâ�t2�v�w>QéJ;Pº�A0bU�wsQP ��Ó�S�<38>Oea,[�GtJ;P JzG OY:zG{JI8@P �ÄU9�9vty�ÿfç91��<gHb�,:I8h0$1C�9U�[\E$P{=f[AJ;E,8�l$E,P JIP9]à:IG J;8 l�8>:RwsQ�G9OgPb],H�J;E$8ºÓ�c�G Í�<e[@<3]bJI8>Hb:IG J;8�a�P{698�:�G O3OØP ��ûß<3]àJ;E$86�<g:;J;�|G O9a�8>J;8"w�J;Pb:`l,OeG ]$8pG{Jc� ½ j�U9vFwsQ�1xþÇ8Ø8>Í�l�8�wsJx09vbvFy�ÿfç�8 wsQýl,E,P9J;P9]|[YG{Jxa,<3[\JIG9]$ws8"[Y],8"G :¬Ó ½ 0fw>Q�1DFE,8FJIP JIG9O�:IG J;8N<g]�JI8>H9:zG{JI8�atP{698�:ÄG9OgO�P9�«û�G9]$a��Ï:IP9Q��A07w>Q JIP)�A0�UZw>QTP9�ÃÓ�<e[ØB �$1 0A�ªÿZç'*b�Ï:;PbQ �t2�vAwsQJ;P��A0�Utw>QáP ��Ó�<gJf<3[7B{j �ªÿfçb1
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��<gHb�,:I8h0$1C� L<&ADFE,8hl|PbO3G9:�G ],HbOg8R=�<�JIEà:;8"[\l�8�wsJAJIP�J;E,8h],Pb:;Q G OÄ<3]$ws<ea�8�]$ws8�G JAJIE,8�M.E,8>:I8>]$y9P{6ªa�8>J;8�wsJ;Pb:l,OeG ],8 â	� ½ j�U vRwsQ�ã.�ÏP9:�l$<gPb]$[>Ú�y{G9P9]$[�Ú,G ]$a�l,:IP JIP9]$[N<3]�J;E,8@Jm=NPh:;8"G9w�JI<gPb]$[Fa�8�[Iws:I<3W|8"a�<3]�J;E,8@JI8sÍ�J�1

��<gHb�,:I8�0,1 ��j«&NDFE,8t:IG J;8tP �Ø8>O38�wsJ;:IP9]$[ZG ]$a+l�Pb[;<gJ;:IP9]$[Zl|8�:Aw>QðG9OgPb],H JIE,8»Ó�cdG{Í�<3[f<g]�J;8�H9:zG{JI8�a�P{698�:ZG O3O�P �ûªG{JFJIE,8?OgP�w�G{J;<3P9]Û� ½ j�U vRwsQ�1Ø_Y8>��JG&Ø:zG{JI8�8 wsQéW�8>O3P{= �t2�vRwsQo<g]ÛÓì1Ø~�<3H9E�JG&Ä:zG{J;8)8{w>Qé698>:z[;�$[�Ó�1ØDFE$8<3],],8>:IQhPb[\JfLRw>Q G9:;8@P9Qh<gJ\JI8�aÛ1
6pGbwzE 8>O38�wsJ;:IP9] P9:Nl�Pb[;<�JI:;Pb] l|P9J;8>]�JI<3G9OgO3S�ws:I8�G J;8�[.L9v�a,8sJ;8"w�JI8�a�l$E,P JIP9]$[.<g]�J;E,8A[mJI:;�|wzyRW|G :"1�� W|8"G Ql,E,P9J;Pb]�wsPb]�6b8>:;JI[p=�<�JIE&G�l$:;PbW$G W,<3O3<�JmSRP �`G9W|Pb��JA2�Ul� <g]�JIPRG�8>O38�w�JI:;Pb]�c�l|P�[\<gJ;:IP9]hl$G9<g:F[\PbQh8>=�E,8�:;8f<3]$[;<3a,8J;E$8&X7�m~�M�Hb8>],8�:IG J;<3],H^G9]ßG�698>:zG Hb8hP �7B vªl,E,P JIP9]$[�l|8�:tO38>l,J;P9]ßJ;:zG9wzyì1+þ�8�8�[\J;<3Q G{JI89Ú�J;E$G JRG�XZ�m~fMl,OeG9w>8�a�G{J�Gàa�<e[mJzG ]$w>8+P �¼�A0àw>Q¤G�=FG�Sà�Ï:;PbQ�J;E,8+W�8�G9Q¤G Í�<e[hl,:IP�a��$ws8"[�M.E,8>:I8>]$y9P{6æO3<gHbEbJ <3]�J;PàJ;E$8:I8�G9a,P9��J@JIG9],yàG{J�G�:zG{J;8 P9��B,2�v��ªÿZç91����.JIE,8�X7�m~�MTE$Gb[�G+ws8�]�J;:zG OrHbG9làP �$�t2�v�wsQ�J;E,8�J;P JzG OØ:zG{JI8<e[ 2�0bv��^ÿfç91�DFE,8 JI<gQh8 JIPªwsP9O3O38�w�J�l$E,P JIP9]$[?Pb��J�P �NJ;E$8�W$G :z[@<e[?Og8"[;[?J;E$G9]àJ;E,8+2"v9v�]$[@�ÏPb:?J;E,8�OgPb],Hõ d õ d �äX7�m~fM¬W$G9:I[�1hþ�8 8"[mJI<gQ G J;8RJ;E,8 ]��,QtW|8�:�P �NW|8"G QRc�W$G9wzy�H9:IP9�$]$aª:I8>OeG{JI8�aæM.E,8>:I8>],ybP{6�c�l,E$P J;Pb]$[=�<gJ;E,<3]ä2"v9vh]$[Z�ÏP9:@G�H�G l+<3]+J;E,8Rl,OeG ],8tG O3P9],H JIE,8ØÓbcdG{Í�<e[�P ���A0&wsQ�â��t2"v�wsQ�ã�J;P�W�8 B�2�â\2�0bãs17�f��J;8>::I8�wsPb]$[\J;:I�$w�JI<gPb]�=N8�w>G9]+:;8"a��$w>8@J;E,8�J;<3QR8�=�<g]$a,P{=}�ÏPb:fJ;E$8�l,E,P9J;P9]ªG9:;:I<36�G9OìJ;P�O38�[I[�JIE$G ]æ2"vh]$[�Ú$=�E,<ewzE:I8�a��$w>8�[NJIE,8?W$G9wzy�Hb:;Pb�,]$a�l$E,P JIP9]$[FJIP�B�Ú,=�E,<3O38?=.8@8sÍ�l�8�wsJAB9UtP9:FQhP9:I8�[;<gHb]$G O`M.E,8�:;8�],y9P{6 l,E$P J;Pb]$[�<3]GROg<3Qh<�JI8�a�:I8>Hb<gPb]�P �xJ;E,8?:I8�Gba�P9�,JFl$O3G9],891DFE,8RE,<gJ�:IG J;8R<g]àG&[;<3],H9O38Rn.�ªDTa,8>l�8>]$a,[?G9O3[;P�P9]ªJIE,8hP9l�JI<3w�[?G{JAJ;E,8hW$G9:@8>]$a�âÏPbl|8�],<g]$H�G9],H9O38RP �J;E$8�=.8"a�H98�ãFG ]$a�JIE,8�l,:IP �|Og8?P9�xJIE,8�W$Gbwzy�Hb:;Pb�,]$a�[\E$P{=�]�<3]ª��<gH|1$0,1 ��j�G9]$a���<gH|1|0,1 � U,1p�Z[I[;�,Qh<g],H�J;E$G J
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��<gHb�,:I870,1 � U<&xDFE,87:IG J;87P �Yl,E,P9J;Pb]$[pl�8>:FwsQéG9OgPb],H?J;E$8�Ó G{Í�<e[Ø<3]�J;8>Hb:IG J;8"a P{698�:pG O3O|P9�uû�G JpJIE,87O3P�w>G J;<3P9]� ½ j�U9v�wsQ�1�_Y8>��JG&7:IG J;8�8 wsQ·W|8�OgP{=��t2�v�w>Qk*x~�<gHbE�JG&f:zG{JI8�8{w>Qð698>:z[;�$[0Óì1?DFE,8R<g],]$8>:IQRP�[mJ?L�w>Q G :I8P9Qh<gJ\JI8�aÛ1
JmS�l,<ew>G O3O3SÇ2"v9vbv np�ªD�[AG :I8�:zG ]$a,P9QhOgS�E,<gJ�ÚìJIE,8t:zG{JI8�l�8>:7J;�,W�8R<3[?B�2"v y�ÿfçb1ADFE,<e[A<3[ZJ;E$8RG�6b8>:zG H98?:zG{JI88>]|wsP9�$]bJI8>:I8�a&W�S�np�ªD�[F<3]�J;E,8tõ d õ d ��XZ�m~fMÐ=�E,<3wzE&J;PbOg8�:IG J;8"[.�$l&JIP+2?�ªÿfçb1
Ì *<Ë�'��b�"%�����%����^¹ DFE,8&[\PbOg8�],P9<eaàE$G9[t[mJI:;Pb],H+�Ï:I<g]$H98 �$8�O3a$[>1ªþÇ8�[\<3Q��,OeG{JI8 J;E$8&[;<�JI�$G{JI<gPb]æ=�<�JIEßJ;E$8DZ4@�$MN�òl,:;PbH9:zG Q � 09�)��1¦�NJ�Gßa�<e[\JIG ]|ws8^P9��G W�P9��J�LßQ�Og8>��J&Pb:�:I<gHbEbJ&P �?J;E$8�[;P9O38>],Pb<3a)w>8>]�J;8�:�J;E$8�$8�O3a+[\J;:I8>],H9J;E$[7G :I8?W|8�OgP{=
2"v9v�V@G �|[;[�1�6rè�ws<38>]�JZPbl|8�:IG J;<3P9]�P �ØwsPb]�698>]�JI<gPb]$G OÛl,E$P J;P9c�Qt�,OgJ;<3l,Og<38>:ZJ;�,W�8�[:I8�Ù��,<3:;8"[t[;E,<38>Oea�<g]$H$1ä�d]üõ d õ d �}G^Q G9H9],8>J;<ew��$8�O3a�[\J;:I8>],H9J;EßJI:IG9]$[;698>:z[;8 J;PÇJ;E$8�n.�ªD�[tP �7O38�[I[tJ;E$G9]v,1CBhV@G �$[I[F<e[�G9wzE,<38>6b8�a&=�<�JIE�Qh8>JIG OY[;E,<38>Oea�<3],H�G ]$a&W,�$wzy�<3],H wsPb<gOe[>1
ï�#�#{*<¹�%�*��"%�!�' �,:IP9QáJ;E,8?l�8>],8>J;:zG{JI<gPb]&:zG{JI8A=�<gJ;E+wzE$G9:;Hb8�a l|G :;J;<ewsO38�[F=N8A8"[mJI<gQ G J;8@J;E$8A:zG9a,<3G J;<3P9]�a�Pb[;8l�8>:ØSb8�G :"1`þÇ8fG9[I[;�,Qh8FJ;E$G JrJ;E,8Za,P9Qh<g]|G ]�JpwsPbQRl�P9]$8>]�Jr<3[Ø[;8�w>P9]$a$G :IS�8>O38�wsJ;:IP9]$[rG9]$aRl|P�[\<gJ;:IP9]$[rw>:;8"G{JI8�a�,l$[\J;:I8�G9QéP9:�<3]�JIE,8@W$G :z[NW�S�l,E,P9J;P9]�wsPb]�698>:z[;<gPb]$[>1�DFE,8A�$��Í�6b8>:z[\�|[.:zG9a,<g�$[N<e[�[\E$P{=�]�<3]���<3H$1,0,1 �{0$1Ä��J[\JIG�S�[�W|8�OgP{= 2�v9v7y�ÿfç)8{wsQ × �ÏP9:r:zG9a,<g<�Hb:;8"G{J;8�:`JIE$G ] L@wsQ�1Ä�,Pb:ØGf�$�,ÍtP ��2�vbvZy�ÿfç)8{w>Q × G9]$atGAQh<3],<gQt�,Q<3P9],<3ç><3],H:÷ ¼ Õ)÷lû ½ 2bÑ 0h�+8�q7wsQ ×)8�H =N8?8�[\J;<3Q G{J;8tGhS98�G9:;O3S�a�P�[\8?P9�rU,2?y�:IGbaÛ1.DFE,<e[f:zG{JI8?<3[f=.8�OgOYW�8>O3P{=J;E$8?],8>HbOg<3H9<3W,O38@a,Pb[;8AP9�ÄBbU vRy�:IGba J;8"[mJI8�a�=�<gJ;E+G�ÂN�{M.P [\Pb�,:Iw>8#� 090)��1
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=�E,8�:;8 mU½ å{� ø �^¨x1`DFE,<e[ÛJI<gQh8Ø=�<3OgObE$G�698ØG9]?G9[I[\P�ws<eG{JI8�aA8>:I:IP9: º î Ú"=�E,<3wzE�w�G ]?W�8ØP9W,JIG <3],8"a7W�S@wsPbQ�W,<3],<3],HJ;E$8N<3],E,8�:;8�]�JÄ:I8�[;P9O3��JI<gPb]�P �|J;E,8f[Iws<3]�J;<3OgOeG{JIP9:rG ]|a�8�Og8"w�J;:IP9]$<3w�[Nâ�� � vZl|[Iãx=�<gJ;ERJ;E,8F8§3�8"w�JI[ØP �|QhPbQR8�]�J;�,Q:I8�[;P9O3��J;<3P9]ÇG ]$a^J;E,8 �$]$ws8�:\JzG <3]bJmS+<3]�J;E,8 l$G J;EÇOg8�],H JIEY1 �Z[I[\�$QR<3],H�J;E$8tJI<gQh8 Qh8�Gb[\�$:;8�QR8�]�J7�ÏPbOgO3P{=f[@GHbG9�$[I[\<eG ]�a�<3[\J;:I<3W,��J;<3P9]`Ú�J;E,8?O3<3y98>O3<3E,P�P�a��ÏP9:�E�S�l�P J;E$8�[;<3[ m <e[FJIE,8>]u&Ô ×,½9¾ â m ã ½ 2º î À B{å 8sÍ�l ��âÏëb��ëmî�ãm×

B º ×î � â�0,1CB ��ã
=�E,8�:;8�ë�<e[RJ;E,8�Qh8�Gb[\�$:;8"aæJ;<3Qh8�J;E,8�l$G9:\JI<3w>Og8�[;l|8�]bJ W�8sJm=N8>8�]äJIE,8�JIG9:;Hb8sJ G ]$aßJ;E,8h�uñ�òà=NG9OgO�1ùDFE$8wsO3Pb[;8>:pJ;E,87Qh8�G9[;�,:I8�ahJI<gQh87ëØ<3[pJ;PRG�w>G9O3w>�,OeG{J;8"a 8sÍ�l�8�wsJ;8�a�6�G9Og�$8Zëmî`J;E,8AQhP9:I8fOg<3y98�OgSRJIE,8Zl$G9:\JI<3w>Og87W|8�<g]$HwsPb]$[;<3a�8�:;8"ah<3[.P �ÛJmS�l�8 m 1r_Y<3y98�Og<3E,P�P�a,[r�ÏPb:pJIE,8ZP9J;E,8�:Na,8sJ;8"w�JIP9:z[pG :I87w�G Oews�,OeG{JI8�ah<3]&G�[;<3QR<3OeG :N=NG�SbÚ9�$[;<g]$Hl,:I8�a�<ew�JI8�aàG ]|a�Qh8"G9[;�,:;8"a/÷ ¼ Õ;÷'ûà�ÏPb:?J;E,8&MNX?M7Ú`l$:;8"a�<3wsJ;8"aÇG9]$a�QR8"G9[;�,:I8�a^J;<3QR8&G{J?J;E$8�õ�ö d É$ÚxG9]$aJ;E$8f8sÍ�l�8�w�JI8�a�G9]$aRP9W$[;8>:I698"aR]��$Q�W�8>:z[rP �Ûl,E,P9J;P�8>O38�wsJ;:IP9]$[Ø<g]hJIE,8fHbGb[.M.8>:I8>]$y9P{6�â�P9:rJIE,8fl,:I8�a�<ew�JI8�a G9]$aQh8�Gb[\�,:I8�a+M.8>:I8>]$y9P{6 G ],HbOg8@<3]+GRX7�m~fMÐa,8sJ;8"w�JIP9:�ã�1� [\<3Q��,OeG{JI<gPb]}P9��J;E,8à<3]�J;8>Hb:IG J;8"a VAO3�,8>ü l$G :;J;<ewsO38Ç<3a�8�]�J;<g�|w>G J;<3P9] [\S�[\J;8>Q��|[\<3],HùJ;E,8ÇOg<3y98�Og<3E,P�P�aQh8sJIE,P�a�P9O3P9HbS�=FG9[tw>G :I:I<g8"a�Pb��J��ÏPb:D¤9¨ß© ø ù*�ø ù�¨ß8>6b8>]�JI[�1^DFE,8&l,:;Pbl|8�:\JI<g8"[�P9�NJIE,8�[;8�8�698�]bJz[�E$G�6b8G O3:I8�G9a,S+W|8�8>]àa�8�[Iws:I<gW�8�aÇG{J@JIE,8hW|8�H9<3],],<3],H�P �pJIE,<e[?wzE$G l�JI8>:�â-[\8�8t�|H9�,:I8�[@0,1CUb�hJ;P+0,1 09v�ã�1RDFE,8hH98>]$8>:;cG{JI8�a+8�698�]bJz[�=N8>:I8�[\8�]�JfJ;E,:IP9�$H9EªG �Ï�$OgOrV�6p��gZD¬[;<gQt�,O3G J;<3P9]ªG9]$a�E,<gJI[7=.8�:;8�:I8�w>P9:za�8�a�G JZ8�GbwzE+P �rJ;E$8[;�,W�a,8sJ;8"w�JIP9:z[�G9[I[\P�ws<eG{JI8�a�=�<�JIE+l$G :;J;<ewsO38@<3a�8�]�J;<g�|w>G J;<3P9]Y1~�8�Og8�6�G9]�J.JI:IGbwzyRQh8"G9[;�,:;8�Qh8>]�JI[.=.8�:;8A[\Qh8"G :I8�a�G JN8"G9wzE�[\�,Wìa�8>J;8�wsJ;Pb:FGbw>w>P9:za�<g]$H?J;PtJ;E,8�<g:�8>Í�l|8"w�J;8"a:I8�[;P9O3��J;<3P9]$[�1ªDFE,8k÷ ¼ Õ;÷'ûùQh8�G9[;�,:I8>Qh8>]�J�P9�FJ;E,8�ö«f�öä=NGb[�[;QR8"G :I8�aàW�S�2�v���*rJIE,8�JI<gQh8&P ���$<3H9E�JtG JJ;E$8�ifMN�Z_ÎW�SàBbU v�l$[G*rG ]$a�J;E$8 J;<3Qh8�P �F�$<3H9E�J�G{J?JIE,8 �ÏPb:;=FG :za�DZ4A�}=NG9OgOpW�Sæ�{v�l$[�1��d]ßGba,a�<gJ;<3P9]YÚJ;E$8ÇQhPbQR8�]�J;�,Q G9]$aÐl$G J;EýOg8�],H JIE}P9��8�GbwzEÐJ;:zG9wzyÎ=FG9[&l|8�:\JI�,:IW|8"a}:zG ]$a,P9QhOgSÎW�S¬2��÷JIP�[;<3Q��,OeG{JI8�,]$w>8>:;JIG9<g]�J;<38�[7<3]+J;E,8tJ;:zG9wzy�<3],H$17�,P9:ZJ;E,8h[;<gQt�,O3G J;<3P9]ª�|[\<3],H�JIE,8RV@Gb[@M.8�:;8�],y9P{6&P9l�JI<gPb]äâ�M75?4fqAã�Ú|J;E$8H98�],8>:zG{JI8�a?]��,QtW|8�:rP �$l$E,P JIP�8�Og8"w�JI:;Pb]$[�=.8�:;8Na�<3[\J;:I<3W,��J;8"atGbw>w>P9:za�<g]$HfJ;P?GAnÄP9<e[;[;P9]ta�<3[\J;:I<3W,��J;<3P9]t=�<�JIERG9]�9vZwsQ�M � � F�� :zG9a�<eG{JIP9:xOg8�],H JIE�=�<�JIE�<3]$a�8>Í@P9�,:;8>�Ï:IGbw�JI<gPb]¯¥ ½ 29Ñ v9v,2�UFG ]$a�8sè�ws<38>]$w>S¯ø � ½ �9v9w>Q��¬F�â-[\8�88�Ù��$G J;<3P9]�0,132��9ã�1pDFE,8tM.8�:;8�],y9P{6 Pbl|8�],<3],H G ],HbOg8?P9�xJIE,8�XZ�m~fMÐP9l�JI<gPb]�=NGb[�[\Qh8�G9:;8"a�W�S&<�Jz[�8�[\J;<3Q G{J;8"a
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��<gHb�,:I8f0,1 �bB=&�DFE,8ZGbw>ws8�l�JIG9]$ws8�P9�Ûl,:;P9J;Pb]tJI:IGbwzy�[r<g]hJIE,8f:I8�Gbw�J;<3P9]#¤9¨¢© ø ù �ø ù ¨`1rDFE,8fO38s��Jpl$OgP9J.[\E$P{=f[ws8�]�J;:zG O�J;:zG9wzy�[�G ]$a�J;E,8F:I<gHbE�J�l,O3P JØ[;E,P{=f[x�ÏP9:I=NG9:Ia?J;:zG9wzy�[>1xDFE,8NJ;P9lhws�$:;6b8.<e[�J;E,8�w>P9:I:;8"w�Jx<ea�8�]bJI<���w>G{JI<gPb]:zG{J;8l*YJIE,8 W|P9J\JIP9Qò<e[@JIE,8 Qh<3[;�mXé:zG{J;8b1 DFE,8 [mJzG :;J;<3],H�QRPbQh8>]�J;�,Q [\l�8�wsJ;:zG&�ÏP9:?l,:IP JIP9]�J;:zG9wzy�[A<g]ÇJ;E$8ws8�]�J;:zG OÛP9:N�ÏPb:;=FG :za�:I8>Hb<gPb]$[FG :I8@[;E,P{=�]�<g]�JIE,8?W$G9wzy�Hb:;Pb�,]$aÛ1

:I8�[;P9O3��J;<3P9]YÚpB,1g2&Qh:IGbaÛ1æDFE,8&l|G :;J;<ewsO38&[;8>l$G9:IG J;<3P9]$[�<g]ù]��$Q�W�8>:z[�P9�7[\<3H9Q G^698>:z[;�$[�QhP9Qh8�]bJI�,Q��$[;<g]$HJ;E$8�[;8?l$G :zG Qh8sJI8>:z[p=N8>:I8?[\E$P{=�]&l,:I8>6�<3P9�$[;O3Sªâ��$Hb�,:;8"[�0,1CU ��J;P�0$1 0bvbã�1_Y<3y98�Og<3E,P�P�a,[�=N8>:I8�JIE,8>]�w>G9O3w>�,O3G J;8"aà�ÏP9:R8�GbwzEæJ;:zG9wzyàG{Jh8�GbwzEßa�8sJI8�w�JIP9:hG ]$aùwsPbQ�W,<3],8�aß<g]�J;P^J;P9JIG OO3<gyb8>O3<gE,P�P�a,[&G9w>w>P9:za�<3],HæJ;PäJ;E,8�Qh8sJ;E$P�a a�8�[Iws:I<3W|8"aÐG W�P{698b1TnrG :;J;<ewsO38�[ =N8>:I8ª<ea�8>]�JI<��$8"aÐW�S�:;8N(m8�w�JI<g]$HE�S�l|P9J;E,8"[\8"[?G{J?J;E$8��9v9�ðwsPb]��|a�8�]$ws8 O38>6b8>O�ÚxG9[@l$:;8"[;w>:;<3W|8"a^<3]æ8�Ù��$G J;<3P9]à0,1CB{j|1��
l$G :;J;<ewsO38 <3[�w>G O3O38�aÇGl,<3P9]�<��ÄJIE,8?y{G P9]�E�S�l|P9J;E,8"[\<e[F<3[F:I8�(m8"w�JI8�a�G ]$a�J;E$8?l,<gPb]�E�S�l�P JIE,8�[;<3[F<e[F],P9Jf:;8N(m8�w�JI8�a~&
I â ø ã7jÎB�Ñ �-� I âÏå`ã7b)B�Ñ ��Ñ

��<3Qh<gOeG :IOgSbÚ,GRl$G :;J;<ewsO38@<3[�<ea�8�]bJI<��|8�a�G9[�GRy{G Pb]&<g��&
I â�å`ã7jÎB,ÑC��� I â ø ã�b)B�Ñ ��Ñ

��<g]|G O3OgSbÚÛJ;P��$]$a�l,:IP JIP9]$[�ÚÛW|P9J;E�J;E,8 l$<gPb]�G ]|a^y{G Pb]�E�S�l�P J;E$8�[;8�[AQ��$[\J?W|8h:I8�(m8"w�J;8"aÛÚYW,�,J?J;E,8hl,:IP JIP9]E�S�l|P9J;E,8"[\<e[F<3[f],P J�:I8�(m8�wsJ;8"a~&
I â�å`ã�j�B,ÑC��� I â ø ã7j�B,ÑC��� I â_¨�ã7b)B�Ñ ��Ñ

DFE,<e[?<e[�l�8>:IE$G l$[?J;E,8 QhPb[\J�W$Gb[\<ew G O3H9Pb:;<gJ;E$Q l|P�[;[;<3W,Og8h�ÏPb:?J;E$<3[t[\<gJ;�$G J;<3P9]Y1+M.8>:;JIG9<g],O3S^<3Qhl,:IP{698>Qh8�]bJz[wsPb�,Oea�W�8?Q G9a�8bÚ$[\�|wzE�Gb[F<g]$w>P9:Il|Pb:IG J;<3],Hh[mJI:IG9],H98�],8�[I[FwsP9]|[\8�:;6{G{JI<gPb]Y1DFE,8A:;8"[\�$O�Jz[pP9�YJ;E,<e[F8sÍ�8�:Iw><3[;8Zw>G9]�],P{=}W|8@[mJI�$a�<38�a&<g]�[\8�698�:IG9O|a�<?3�8�:;8�]�JNl,<38�w>8�[�1pMNG9[;8t2�â�MNX?MFãpG9]$aw>Gb[\8�B,â�MNX?M7Ú i�MN�7_xã?J;:zG9wzy�[�G9:;8�:I8s�Ï8�:;:I8�a�JIP�G9[·.;w>8>]�J;:zG O 0æâ�[;8>8��$H9�,:I8�0$1 U�� ãµ*Øw�G9[;8�0$â�M75@4fq�Ú DZ4A�rãG ]|a&w�G9[;8��,â�MNX?M7ÚCM75?4fq�Ú DZ4A�ÄãpJI:IGbwzy�[FG9:;8i.m�ÏPb:;=FG :zaÛ1 0��<g:z[\JFw>P9]$[;<3a,8>:Nl,:;P9J;Pb]�<3a,8>]�J;<g�|w>G J;<3P9]Y1r��<3H9�,:I8A0$1 ��B�[;E,P{=f[NG�],8"G :IOgShl�8>:;�Ï8�w�J�l,:IP JIP9]�<ea�8�]bJI<���w>G{JI<gPb]:zG{J;8@�ÏPb:fW�P J;E�JIE,8tw>8>]�J;:zG OÛ:I8>Hb<gPb]+G ]$a&J;E$8?�ÏP9:I=NG9:Ia�:I8>Hb<gPb]u*�J;E$8>:I8?<3[7G a�:;Pbl�<g]+8>è w><g8�]$wsS&�ÏP9:7ws8>]�JI:IG9OJ;:zG9wzy�[.G W�P{698�2AÒ?Ó{Ô.Õ{Ö Ú�W,��JF<�JFE$G9[NO3<�J;J;O3878§3�8"w�J�P9]�J;E,8AP{698�:IG9OgO|<3a�8�]�J;<g�|w>G J;<3P9]�:zG{JI891��d]&Gba,a�<gJ;<3P9]YÚ�P9]$OgSGh[\Q G9OgOì�Ï:zG9wsJ;<3P9]�P ��J;:zG9wzy�[FG :I8AQh<e[\<ea�8�]bJI<��|8�aÛ1gf8>Í�J�ÚYl,<3P9]àG ]|aªy{G Pb]�<ea�8>]�JI<��|w�G{JI<gPb]^:zG{J;8"[A<g]�J;E,8 w>8>]�J;:zG OÄ:I8>H9<3P9]�P �.J;E,8 a�8"ws8�wsJ;Pb:@G9:;8h[;E,P{=�]^<3]�$Hb�,:;8�0$1 �bL,1FD`:zG9wzy�[�O38�[I[FJIE$G ]æ2�Ò?Ó{ÔNÕ{Ö?G :I8?<ea�8>]�J;<g�$8"a+:;8�Og<eG W$OgSª*|G9W|P{6b8AJ;E$G JZJ;E$8�8sè�ws<38>]|wsS�a�:;Pbl$[FJIPG :IP9�$]$a�09v���1Nÿf<3H9E,8�:fQhP9Qh8>]�J;�$Q·w>8>]�J;:zG OìJI:IGbwzy�[ZG :I8A:I8>O3S�<g]$H 8>]�J;<3:;8�OgS&P9]�÷ ¼ Õ)÷lûª<3]��ÏP9:IQ G{J;<3P9]��Ï:IP9QJ;E$8�ö«f�öh<3]RJ;E,8f:I8>OeG{JI<g6�<e[mJI<3wN:I<3[;8F:;8�H9<3P9]Y1xþ)<�JIE�G�÷ ¼ Õ;÷'û�:;8"[\PbOg��JI<gPb]tP9��2"v�� JIE,<e[Ø[\E$P9�,OeaRW|8fGbwzE,<g8�6{G W,O38
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��<gHb�,:I8�0$1 �bL<&ªDFE,8ªGbw>w>8>l�JzG ]$w>8�P9�Al$<gPb]$[�G ]|aùy{G9P9]$[h<3]�J;E,8^w>8>]�J;:zG O�:I8>Hb<gPb]ùP9�7JIE,8ªa�8>J;8�wsJ;Pb:�1}DFE$8O38s��J�l,O3P Jt<3[@�ÏPb:�l,<3P9]$[G*�J;E,8�:;<3H9E�J?�ÏP9:�y�G9P9]$[�1�DFE,8�E,<3[\J;PbH9:zG Q [@<3]�JIE,8�W$Gbwzy�H9:IP9�,]$aÇG :I8RJ;E,8&[mJzG :;J;<3],HQhP9Qh8>]�JI�,Qé[\l�8�wsJ;:zG@�ÏP9:Nl,<3P9]$[.G ]$a y{G9P9]$[p<g] JIE,87w>8>]�J;:zG O|:;8�H9<3P9]Y1�6pGbwzEhl,OgP9JN[;E,P{=f[rJIE,8Z<ea�8�]bJI<���w>G{JI<gPb]G ]|a�Qh<e[\<ea�8>]�JI<��|w�G{JI<gPb]�:zG{JI8�[�1
å ø l��JIG :;J;<3],H-gf�$Q�W�8>: U v9Lb09� jbLb090bU 0�B9U �$2�mXT~fG{JI8 �{0,1 j9� 0 j|1 v9� �b�,1CBl��ª<3[;�mX ~fG J;8 U�1 0�� 2�v$1g2)� v$1 09�

D�G W,O38�0,1 �<&FnrG :;J;<ewsO38?<ea�8>]�J;<g�|w�G{J;<3P9]+<3]+JIE,8tw>8>]�J;:zG Ox:;8�H9<3P9]��ÏP9:�¤�¨�© ø�ù �ø�ù ¨^8>698�]�JI[�1fDFE,8�[\JIG{JI<3[\J;<ew>[G :I8@�ÏP9:Aw>Gb[\8 2�â�MNX?MFã�G ]$a+w�G9[;8�B,â�MNX@M7Ú ifMN�Z_xã�J;:zG9wzy�[�1NDFE,8t[mJzG :;J;<3],H ]��,Q�W�8>:7<3[FJIE,8�]��,QtW|8�:ZP9�ÄårÚø Ú�Pb:U¨�<g]�J;E$8�ws8>]�JI:IG9OÛ:;8�H9<3P9]�Pb��JfP �N2�vbv,Ú v9v9v�J;P9JIG OÛ8�698�]bJz[FH98�],8>:zG{JI8�aÛ1

G{J7J;E,8hB º O38>6b8>ONâ�G Oe[;P&[;8>8?�$Hb�,:I8t0,1CU ��ã�1ZD�G W$Og8R0,1 �hJIG9W,�,OeG{J;8"[7G9OgOxJ;E$8�l$G9:\JI<3w>Og8t<3a+:I8�[;�,OgJI[f�ÏP9:@ws8>]�JI:IG9OJ;:zG9wzy�[�1~�8"[\�,OgJI[��ÏP9:�J;:zG9wzy�[?<3]æJ;E,8��ÏP9:I=NG9:IaÇ:I8>Hb<gPb]æP �FJ;E,8�a�8sJzw�JIP9:tG9:;8&[\E,P{=�]æ<3]æ�$Hb�,:I8�0,1 � j|1�DFE$8�J;PblJm=NP�l$OgP9JI[?�$[;8RJ;E,8 H�G9[�M.8�:;8�],y9P{6+Pbl�J;<3P9]Y1:gZP JI<3w>8hJ;E,8�a�:IP9lÇ<3]Ç8>è�ws<38>]$w>S^W�8sJm=N8>8>]ßB�G ]|aÇL�Ò?Ó{Ô.Õ Ö=�E,8�:;8AJ;E$8�QhP9Qh8>]�J;�$Qo<e[NJ;P�P E,<3H9E��ÏP9:FJIE,8�DZ4A�ß=FG O3OìJ;P W�8?843ì8�wsJ;<36989Ú$W,��JZ[\J;<3OgOY]$P JfE,<3H9E�8>]$P9�,HbE�JIP:I8>O3<3G9W,OgS&Qh8�G9[;�,:I8?l,E,P9J;P�8>O38�wsJ;:IP9]$[F�Ï:IP9Q·l,<3P9]$[Z<g]�JIE,8hM.8�:;8�],y9P{6&a�8sJI8�w�JIP9:"1�DFE,8�X7�m~�M Pbl�J;<3P9]ª[;P9O3698"[J;E$<3[Äl,:IP9W$Og8�Qk*b<�Jz[Ä:;8"[\�$O�Jz[�G9:;8F[;E,P{=�]t<3]tJ;E,8FW�P J\JIP9Q¬Jm=NP@l,O3P JI[�1ÄDxG9W,Og8F0,132�vA[;�,QhQhG9:;<3ç>8"[xJ;E,8F8sè�w><g8�]$wsS]��,Q�W�8>:z[@P �.�ÏP9:I=NG9:Ia+J;:zG9wzy�[A�,]$a�8�:@J;E,8RJm=NP�a,<_3ì8>:I8>]�JtM.8>:I8>],ybP{6�P9l�JI<gPb]$[>1h��<g]|G O3OgSbÚÛJ;E,8�w>8>]�J;:zG OrG9]$a�ÏP9:I=FG :zaªw>Gb[\8"[AG9:;8hwsPbQ�W,<3],8"aª<3]bJIP�P{698>:zG O3O�l,<gPb]ÇG9]$aªy{G9P9]Ç<3a�8�]�J;<g�|w>G J;<3P9]^:zG{JI8�[A<3]^�$Hb�,:I8h0$1 ��U�1�DFE$8P{698�:IG9OgO�:zG{J;8"[�G :I8AJIG W$�,O3G J;8"a�<3]�JIG W$Og8�0$1g2b291
V@G9[Z47l,J;<3P9] XZ�m~fMý47l�J;<3P9]å ø l å ø l��JIG9:\JI<g]$H�gZ�,Q�W�8>: L9���{�bL Lb���{�b� L9vbB90�� Lb���{�bL Lb��� �9� L9vbB90���mX ~fG J;8 � j|1 j=� �$291 j9� �9�,132�� �b�,1 0�� �bv,1 L�� �9�$1 B���+<e[\�mX ~ZG{J;8 2b1 U�� j|1 �9� v,1 vbBl� v$1 L9� B�1 v�� v,1 ���

D�G W,O38Z0,132�v+&xnrG9:\JI<3w>Og8f<ea�8�]bJI<���w>G{JI<gPb] <g]�J;E,8Z�ÏP9:I=NG9:IaR:I8>H9<3P9]R�ÏPb:�¤9¨�© ø ùZ�ø ù�¨�8>6b8>]�JI[�1ÄDFE,8Z[\JIG{JI<3[\J;<ew>[G :I8��ÏPb:Aw�G9[;8�0$â�M75@4fq�Ú DZ4A�rãfG9]$aªw>Gb[\8 ��â�MNX@M7Ú M75@4fq�Ú DZ4A�rãNJ;:zG9wzy�[�1ADFE$8t[\JIG :;J;<3],H&]��$Q�W�8>:A<3[7J;E$8]��,Q�W�8>:�P9��årÚ ø Ú�P9:U¨�<3]�J;E,8@�ÏPb:;=FG :za�:I8>Hb<gPb]�P9�,JfP �.2"v9v$Ú vbv9v?JIP JzG OY8�698>]�Jz[.Hb8>],8�:IG J;8"aÛ1
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��<gHb�,:I8�0$1 �9j+&�DFE,8�G9w�ws8�l�JIG9]$ws8�P �Zl$<gPb]$[hG ]$aäy�G9P9]$[R<3]äJIE,8&�ÏP9:I=NG9:Iaæ:I8>Hb<gPb]ßP �7J;E,8�a�8>J;8�wsJ;Pb:�1äDFE$8J;PblªJm=NP&l$OgP9JI[AG :I8��ÏPb:ZJIE,8hHbG9[?M.8>:I8>]$y9P{6�P9l�JI<gPb]u*ÛJ;E$8tW�P J;J;P9Q Jm=.P�G :I8��ÏP9:AJIE,8RX7�m~fM Pbl�J;<3P9]Y1�DFE$8O38s��J�l,OgP9JI[�[\E$P{=·l$<gPb]$[§*AJIE,8�:I<3H9E�J�y{G Pb]$[>1¦DFE,8^E$<3[\J;PbH9:zG Q [�<3])J;E$8�W$Gbwzy�H9:IP9�,]$aÎG9:;8+JIE,8à[mJzG :;J;<3],HQhP9Qh8>]�JI�,Qé[\l�8�wsJ;:zGA�ÏP9:pl$<gPb]$[pG9]$a y{G Pb]$[r<3] J;E,8Z�ÏP9:I=NG9:Iat:I8>H9<3P9]`1�DFE,87ws�,:I698"[Ø<3] 8�G9wzE l$OgP9Jp:;8�l,:I8�[;8>]�JJ;E$8?<3a�8�]�J;<g�|w>G J;<3P9]�G ]$a�Qh<3[;<ea�8>]�J;<g�|w�G{J;<3P9]�:zG{J;8"[>1
V@Gb[Z47l�J;<3P9] X7�m~fM 47l,J;<3P9]å ø l å ø l��JIG9:\JI<g],H-gZ�,Q�W�8>: 2�v9vbv9vbv 2"v9vbv9v9v 2"v9v9vbv9v 2"v9v9vbv9v 2�vbv9vbv9v 2�v9vbv9vbv�mX ~fG{JI8 �9v$1 j=� ��291CBl� �9j$1 L�� ��B�1 ��� ��291 ��� � j|1C�l��+<3[;�mX ~fG J;8 L,1CUl� 0,1 ��� v,1 j9� B�1 ��� U,1 L9� v,1 ���

D�G W,O38?0,13292'&p476b8>:zG O3O�l|G :;J;<ewsO38A<ea�8�]bJI<���w>G{JI<gPb]��ÏP9:FJ;E$8?:;8"G9w�JI<gPb]:¤9¨¢© ø ùZ�ø ù ¨x1ØDFE,8�[\JIG{JI<3[\J;<ew>[�G9:;8A�ÏPb:G O3OìJ;:zG9wzy&w>G9[;8�[�1
��JØ[\E$P9�,Oea�W�8�:;8�Qh8>Q�W�8>:I8�a�J;E$G JrP9],8NP �|J;E,8fw>:;�$w><3G9O�a�8�[;<gHb]�l$G9:IG9Qh8sJ;8�:I[xP �|J;E,8AÈRÉ�ÊYË�Ìý8>Í�l�8>:I<3QR8�]�JóR<3]&Gba,a�<gJ;<3P9]�J;P$Ú�G9]$a l�8>:IE$G l$[.QhP9:I8Z<3Qhl|Pb:\JzG ]�JpJIE$G ]YÚ�JIE,87J;P JzG O�8sè�ws<38>]|wsS ]��,Q�W�8>:z[ØóR<e[pJIE,8A�,],<g�ÏP9:;cQh<�JmS P9�xG9w�ws8�l�JIG9]$ws8"[p<3]�JIE,8AG9],H9O38�[pJ;E|G{JF=�<gO3OìW|8@�$[;8�a <3]�nrG :;J;<eG O$þàG�698A�f]$G9OgS�[;8�[�1�6Øè�ws<38>]$w><g8"[.W|G9[;8�aP9]�<3a,8>]�J;<g�|w>G J;<3P9]ª:zG{JI8�[Z�ÏP9:AJ;E$8hVAP9J\J\�Ï:I<38�a�c 2bGbwzy�[\Pb]ªwsPb[<`&G ]$H9O38�P �pJ;E,8 ø ùZ�ø ùt[;S�[\J;8�Q G :I8t[;E,P{=�]ª<3]�$Hb�,:;8&0,1 �90,1ÇDFE,<e[tGbw>ws8�l�JIG9]$ws8�:;<e[\8"[�G JRwsP�[=`�� �t2�G ]$aæ��G O3O3[RG{JhwsPb[<`��·v+�ÏPb:�JIE,8�H�G9[hM.8>:I8>],ybP{6
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��<gHb�,:I8�0$1 ��U=&&DFE$8�P{6b8>:zG O3O.Gbw>ws8�l�JIG9]$ws8�P �Al,<3P9]$[hG ]|aäy{G Pb]$[R<g]ÎG O3OF:;8�H9<3P9]$[RP9�fJ;E,8+a�8>J;8"w�J;Pb: <g]ùJ;E$8:I8�G9wsJ;<3P9]/¤�¨�© ø ùZ�ø ù�¨`1�DFE,8hJIP9lÇJm=NP�l$OgP9JI[�G9:;8R�ÏP9:@JIE,8�H�G9[�M.8>:I8>]$y9P{6+P9l,J;<3P9]u*xJ;E,8�W|P9J\J;PbQ Jm=NPG :I8h�ÏP9:�J;E,8�XZ�m~fMTP9l,J;<3P9]Y1ªDFE,8�Og8>��Jtl,O3P Jz[�[;E,P{=
l,<gPb]$[G*ÄJ;E,8&:;<3H9E�J�y{G Pb]$[>1+DFE,8&E,<e[mJIP9H9:zG Q [@<3]æJ;E$8W$Gbwzy�Hb:;Pb�,]$aªG9:;8tJ;E$8RP{6b8>:zG O3O�[\JIG9:\JI<g]$H&QhP9Qh8�]bJI�,Q�[;l�8�w�JI:IG��ÏP9:?l$<gPb]$[@G ]$a�y{G P9]|[>1#6pG9wzE�l,O3P J�[\E$P{=f[J;E$8?<3a�8�]�J;<g�|w>G J;<3P9]�G ]$a�Qh<3[;<ea�8>]�J;<g�|w�G{J;<3P9]�:zG{J;8"[>1
P9l,J;<3P9]à�ÏP9:�J;E,8��ÏP9O3OgP{=�<3],H+:I8�G9[;P9]`1&þ)E,8�]äwsP�[=`+<e[�],8"G :�<gJI[�8sÍ�J;:I8>Qh8"[>ÚxJ;E,8��$]$G9O.[\JIG{JI8�l$G9:\JI<3w>Og8"[�G :I8JmS�l,<ew>G O3O3S�a�<g6�<ea�8�aR<3]�J;PAE,<gHbEtQhPbQR8�]�J;�,Qoâ-G O3P9],H7J;E$8fa�8�w�G�S�<3],H7:;8"[\Pb]$G ]$w>8Na,<g:I8�wsJ;<3P9]|ãxG ]$atO3P{=ßQhP9Qh8>]�cJ;�$Q�â-G H�G <3]$[mJ?JIE,8&a,8�w>G�S�<3],H�:;8"[\Pb]$G ]|ws8�a�<3:;8"w�JI<gPb]|ã?w>Gb[\8"[>1�DFE,8�E$<gHbEæQRPbQh8>]�J;�,Q JI:IGbwzy�[?G9:;8�G9W|P{6b8l,<3P9]àJIE,:;8"[\E$P9OeaÇG9]$aàG :I8 <3a,8>]�J;<g�$8�aàW�S�J;E,8�HbG9[�M.8�:;8�],y9P{6�[\S�[\J;8>Qi*ÄJIE,8�O3P{=�QhP9Qh8�]bJI�,Q�J;:zG9wzy�[?G :I8843ì8�wsJ;<3698�OgS+<ea�8>]�JI<��$8"aªW�S�J;E$8hDZ4A��=FG O3O-1t47]^J;E,8RP JIE,8>:@E$G9]$aÛÚÛ=�E,8�]�w>Pb[=`&<3[A],8"G :Aç>8>:IP$Ú��$]|G Or[mJzG{JI8J;:zG9wzy�[�J;8>]|aæJ;P^��G O3O.<3]ßJIE,8�QhPbQR8�]�J;�,Q�:I8>Hb<gPb]æ=�E,8>:I8�],8�<�JIE,8>:tJ;E$8�DZ4A�ý],Pb:�J;E$8&H�G9[RM.8�:;8�],y9P{6�<3[843ì8�wsJ;<3698b1DFE,8fX7�m~fMßPbl�J;<3P9] G�6bP9<ea,[�J;E,<e[Øl$:;PbW,Og8�Q�1rM.Pb]$[\8"Ù��,8>]�J;O3S9Ú9J;E,87wsPb[<`�G9w>w>8>l�JzG ]$w>8FP �ìJ;E,87[\8"wsP9]|atl$OgP9JP ���$Hb�,:;8@0,1 �90R<e[�[\<3H9]$<��|w�G ]�J;O3S�QhP9:I8@�,],<g�ÏP9:IQ�1
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��<gHb�,:I8�0,1 �90<&Ø�Z],H9�$O3G9:f8sè�ws<38>]|ws<38�[F�ÏPb:ZwsP�[=` <g]�JIE,8tVAP J;J\�Ï:I<g8"a�c 2bGbwzy�[;P9]�wsP�Pb:Ia�<3]$G J;8?[\S�[\J;8�Qá�ÏP9:q¤�¨k©ø ù*�ø ù ¨+8>6b8>]�JI[�1rDFE,8@Og8>��JZl,O3P J�<3[��ÏP9:FJ;E$8tM.8>:I8>],ybP{6 P9l�JI<gPb]YÚ�J;E,8?:I<3H9E�JF�ÏP9:FJ;E$8�XZ�m~fMÐP9l�JI<gPb]Y1
½ ¾z½ ¿ ÂFû�Â$ôNû�E�ÃÀ�¬öRû�ÂZú�ÃrøAûÄÅ§E*ö
DFE,8ÇG9[I[\8�Q�W,O3SùG9]$a)<3]bJI8>Hb:IG J;<3P9]ÎP ��8"G9wzEÎP �?JIE,8�a�8>J;8"w�J;Pb:&[;�,W$[;S�[mJI8>Q [�<3]�J;PßJIE,8ßÈhÉbÊYË,Ì÷a�8>J;8�wsJ;Pb::I8�Ù��,<3:;8"[�w>G :I8s�Ï�$OYwsP�P9:za�<3]$G{JI<gPb]�G9]$a�G{J\JI8>]�J;<3P9]&J;P Q G9]�S�a�<3698>:z[;8A<e[I[\�,8"[>1ØDFE$8?QhG9H9],8>J;<ewA�$8>Oea�wsPb]��$H9�,c:zG{J;<3P9]�P9��Jz[\<ea�8AJ;E,8AQ G Hb],8sJ�a�<ew�JIG J;8"[pJIE,8@OgP�w�G{J;<3P9]�G ]$a�P9:I<g8�]�JIG{JI<gPb]�P ��[mJzG ]$a,G9:Iak�<�q�ì[FG ]|a«8�Pb:.�$[;8AP �E,<3H9E �|8>Oea�a�8�6�<ews8"[.[;�$wzE�Gb[7�Z�<�q�ì[FG ]$a&��<3n.�ª[�1ÄDFE$8f�$8�O3a&a�<3[\J;:I<3W,��J;<3P9]�w>G9]�W|8@G)3ì8�wsJ;8"a W�S QhG9H9],8>J;<ewQ G{JI8>:I<3G9O3[Ä�$[;8�at�ÏPb:Ø[\�,l$l|Pb:\Jp[\J;:I�$w�JI�,:I8�[Ø[;�$wzEhG9[r<3:;Pb]RG9]$aÛÚ9J;E,8�:;8>�ÏP9:I89Ú9w�G :I8NQt�$[\JØW|8�JzG yb8>]R<g]�wzE,P�P�[\<3],HwsPbQhQRPb]àQhG J;8�:;<eG Oe[@�ÏP9:�J;E,8�6�G9:;<3P9�|[�[\�$l,l|Pb:\JR[\S�[\J;8>Q [�1�DFE$8�Q G H9]$8sJ;<ewh�$8�O3aà<3]àJ;E$8�6�<3w><g]$<�JmSÇP �FJ;E$8�M.8>:I8>]$y9P{6^w>P9�,]�J;8�:?<3[�8�[\J;<3Q G{J;8"aÇJ;P+W�8�G l$l,:;P�Í�<3Q G{J;8�OgS^P{698>: 2Ä�"�oG{J?JIE,8�O3P�w>G{JI<gPb]àP �FJ;E,8�:;8"G9a�Pb��Ja�8�6�<ews8"[ZG9]$a�W|8>Jm=.8�8>]ªv,1 L9vbv½��� G9]$a+v,132�0bv¿�"�TG{JZJ;E,8�l�Pb[;<gJ;<3P9]+P �ÄJIE,8#�<���ì[��ÏP9:fJ;E,8��ÏP9:I=NG9:Ia�É�e�fr1DFE,8FQhP9�,]�JI<g],H?G9]$ahG9[I[\8�Q�W,O3S?P �ìa�8sJI8�w�JIP9:z[ÄQ��$[\JØG O3OgP{=ä�ÏP9:�J;E$8fa�8>O3<g6b8>:IS�P �ì[\8�:;6�<ews8"[x:I8�Ù��,<3:I8�a?�ÏPb:ÄJ;E,8�<g:

��<gHb�,:I8^0,1 ���=&·6rÍ�l,O3P�a�8�aÎ6�<38>=ðP ��a�8>J;8�wsJ;Pb:&[;E,P{=�<g]$HàJ;E,8Ça�8sJI8�w�JIP9:�[;�,W$[;S�[mJI8>Q [�<3])JIE,8><3:�8>Í�JI:IGbw�JI8�al�Pb[;<�JI<gPb]$[>1
DFE,8�QhG9H9],8>J�a�P�8"[�],P9J�QhP{6b8^G ]$a}a�8sJI8�w�JIP9:z[&G9:;8^<g]$[;8>:;J;8"a)W�P J;E}�Ï:;PbQ��,l$[\J;:I8�G Q�G9]$aa�P{=�]$[\J;:I8�G9Qé<g]�JIPhJ;E,8�<g:�],PbQh<g]$G9OÛl|P�[\<gJ;<3P9]|[F�ÏP9:�],Pb:;Q G9O�Pbl|8�:IG J;<3P9]Y1
P9l�8>:zG{JI<gPb]YÚ{<3]$wsO3�$a�<3],H?ws:IS9PbH98>]$<3w�[>Ú{wsP�PbOg<3],H$Ú98>O38�w�JI:;<ew>G9O�l|P{=N8>:"Ú{698�]bJI<gOeG{JI<gPb]YÚ H�G9[�wsP9]$],8�wsJ;<3P9]$[�Ú E,<3H9ER69PbO�J;cG Hb8.G9]$a�[;<gHb]$G O�G9]$a�QhP9]$<�JIP9:I<g],HAw>G9W,Og8"[Y�ÏPb:rG O3O�a,8sJ;8"w�JIP9:z[>1��+P9:I8>P{6b8>:"Ú"Gbw>ws8"[;[`J;PA8�GbwzE�[;�,W�cd[\S�[\J;8>Q¬Qt�$[\JW�8@��G9ws<3O3<�JzG{J;8"a&�ÏP9:�l,�,:Il�Pb[;8�[FP ��Q G <3]bJI8>]$G9]$ws8@Pb:�:;8�l$G <3:�1
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DFE,8?a�8>J;8�wsJ;Pb:f[\�,W,c�[;S�[mJI8>Q [FG :I8@[;E,P{=�]&<g]+��<gHb�,:I8@0$1g2A=�E,<3Og8@JIE,8?H98�],8>:zG OìOeG�S9Pb��JNP9�  �d É�É¢$á=�<�JIEG O3O`a�8>J;8"w�J;Pb:I[F8>Í�J;:zG9w�JI8�a&<3[Z[\E,P{=�]�<3]���<3H9�,:I8?0,1 ����1Ä�7[FJ;E$8�a�8sJI8�w�JIP9:f=�<3O3OY],8>8"a&J;PhW|8�<g]�<gJI[�8>Í�JI:IGbw�JI8�al�Pb[;<�JI<gPb]?�ÏP9:xW|P9J;E�<3]$[\JIG O3OeG{J;<3P9]�G9]$a�[;8>:I6�<3w><g],H|Ú�<gJx<e[Y<3Qhl|Pb:\JzG ]�J`JIE$G{J�<�Jz[`OeG�S9Pb��JY<3]?J;E,8  td ÉbÉ¯$ W,�,<3Oea�<g]$HG9w�wsPbQRQhP�a,G J;8�G9w�ws8�[I[�J;P@JIE,8fa�8>J;8�wsJ;Pb:�1Ä��<gHb�,:;8�0$1 �b�A[;E,P{=f[rG@[;y98sJzwzEhP ��J;E,8fa�8>J;8"w�J;Pb:r<g]  �d É�É�$&19DFE$8ws:IS9PbH98�],<3wFw>P9],],8"w�JI<gPb]$[ÄJ;P�J;E,8A[\PbOg8�],P9<ea,G O$QhG9H9],8>JpG :I8�W,:IP9�,HbEbJØ<3] �Ï:IP9Q�J;E,8Z],P9:;J;E�c�=N8�[\JpwsP9:I],8�:ØP �ìJ;E$8W,�,<3Oea�<g]$H$Ú�P9l,l�Pb[;<�JI8hJ;E,8�:IG9QRlà�$[;8�a��ÏPb:?J;:I�$wzy^Gbw>ws8"[;[�1�DFE,<e[�l�8>:IQh<�Jz[�G�OeG :IH98 [mJzG Hb<g],H+G9:;8"G&<3]Ç�Ï:;Pb]�JP �NJ;E$8�a�P�P9:�G9]$aÇQR<3],<3Q G OØW,O3P�wzy�<g],H+P9�Fw>:IG9],8hQhP{698>Qh8�]bJ?W�SªJIE,8�w>:;SbP9H98�],<ew�O3<g]$8�[�1�DFE,8�[;8 O3<g],8"[�w>G9]G Oe[;PtW�8?�$[;8�a�J;PR�Ï8>8"a&P9J;E,8�:fws:IS9PbH98>]$<3w7[\S�[\J;8>Q [�[;�$wzE�G9[NJ;E$8AO3<eÙb�$<3a�E�S�a�:;PbH98�]�JIG9:;Hb8sJ�G ]$a&l�P J;8�]�J;<eG O3OgSæxÉ��+ö|[��$[;8�a�<3]&JIE,8�[\JIG9:\JfwsPb�,]�J;8�:�1pV@Gb[�Og<3],8"[F�Ï:;PbQo8>Í�JI8>:I]$G OÛQh<gÍ�<g],H�[;S�[mJI8>Q [�w>G9]+G Oe[\PhW�8?:;�,]+G9OgPb],HJ;E$<3[fw>P9QhQhP9]�l$G{JIE�J;PhQh<g],<3Qh<gç�8?P9W$[\J;:I�$wsJ;<3P9]$[N�ÏPb:fws:zG ],8?G ]|a&Gb[;[;8>QtW,OgS�P9l�8>:zG{J;<3P9]|[>1
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�x<3H9�$:;8?0,1 �9�+&�npO3G9]&6�<38>=ýP �xJ;E,8hÈRÉ�ÊYË�Ì
8>Í�l|8�:;<3Qh8>]�J�<g]  �d ÉbÉk$&1
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6ØO38�wsJ;:I<3w�G OØl�P{=N8>:�=�<3OgONW�8�QhPb[\J�O3<gyb8>O3SÇa�8�Og<3698�:;8"aà<g]ßJ;:I8>]$wzE,8"[?<3]æJ;E,8��$P�P9:��Ï:;PbQ�W,:I8�G9y98�:�l$G ]$8>Oe[O3P�w�G{JI8�a�P9]�JIE,8�],Pb:\JIE�=FG O3OYP9��JIE,8�W,�$<gOea�<3],H$1ZM.O38�G ]�l�P{=.8�:f=�<3OgOYW�8�l$:;P{6�<ea�8�a�J;P�a,8sJ;8"w�JIP9:f8�Og8"w�J;:IP9]$<3w�[�$[;<g]$H�<3[;P9OeG{JI<gPb]�JI:IG9]$[\�ÏP9:IQR8�:I[�Gb[Zw>OgP�[\8@JIP J;E,8ta�8sJI8�w�JIP9:ZGb[fl�Pb[I[\<3W,O3891F�Z[7G ]+8sÍ,G9QRl$Og8bÚ,J;E$8�8�[\J;<3Q G{J;8"al�P{=.8�:Fw>P9]$[;�,Qhl�JI<gPb]&P9�`J;E$87�ÏPb:;=FG :za�w�G O3P9:I<gQh8sJI8>:F<e[�L9v#5@þ¬1,�fO3O`a�8sJI8�wsJ;P9:N�Ï:zG Qh8�[F=�<3O3OÛW|8?wsPb],],8"w�J;8"aJ;PRJIE,8?W,�,<3O3a,<g],H Hb:;Pb�,]$a&],8sJm=NP9:Iy W�P J;E��ÏPb:f[;G �Ï8sJmS�G9]$a&J;PhQh<g],<3Qh<gç�8?8>O38�wsJ;:I<3w�G OÛ],Pb<3[;891�d]�J;8�:;Q [ P9�A<3]$[\JIG O3OeG{J;<3P9]`Ú.QhPb[\J�P �AJ;E$8ªa�8sJI8�w�JIP9:�<e[h��G9<g:IOgSäP9l�8>]ÐG ]|a�w�G ]�W|8�Ùb�$<3wzy�O3SäG9w�ws8�[I[;8�a=�<gJ;E�Qh<3],<3QhG9OÛa�<3[;:I�,l�J;<3P9]�P �YP9l�8>:zG{JI<gPb]$[�1�ÿZP{=.8�698>:"Ú JIE,8AOg<3Qh<�JI8�a�[;l$Gbws8Z<3]$[;<3a,8fJ;E$8A[;P9O38>],Pb<3a$G O$Q G9H9],8>Ja�8"[\8�:;6b8�[f[;l|8"ws<eG O`G J\JI8>]�J;<3P9]Y1fDFE$<3[7[\l$Gbws8�w>P9]�JIG9<g]$[�J;E,8�õ�ö d É�G ]$a�<gJI[7[\�,l$l|Pb:\J7[\J;:I�$wsJ;�,:I89Ú$J;E,8t��J;:zG�=FcJ;�$W|87M.E$G9Q�W�8>:"Úlö�f�ö`Ú{J;E$8f�,P9:I=FG :za�XZ:I<g��JNM.E$G QtW|8�:I[�Ú'ò9f�ö`Ú9G ]|a�JIE,8f[mJI:;�|w�J;�$:;8"[x=�E$<3wzERW|P9J;EhG O3<gHb]tG9]$a[;�,l,l�P9:;JNJIE,8�[;8?wzE$G QtW|8�:I[FGb[F=.8�OgOÛG9[NJIE,8@Qh8�wzE$G9],<3[;Q [N�ÏP9:F8sÍ�JI:IGbw�J;<3],HRJ;E$8>Q�1Ø��<g]$G9OgO3S9Ú�<3]$[;<3a,87JIE,8�ö�f�ö<e[Z[;l$G9w>8?�ÏP9:ZJ;E,8�O3<eÙb�$<3a+E�S�a�:IP9Hb8>]�JIG9:;Hb8sJ�Ú$J;E,8�W|8"G Qðl,<3l|8RG ]$a�JIE,8R��JzG :;J7wsPb�,]�J;8�:�1f��l$Gbws8�G9OgO3P�w>G J;<3P9]G Oe[;P?],8>8"a,[rJIP�W�8fQ G9a�8�JIPtGb[;[;�,:I8.JIE$G{JF[\<3H9]|G Oe[Øw>G9W,Og8"[pw�G ] W�8fW,:IP9�,HbEbJ.P9��JØ�Ï:IP9Q�J;E$87a�8>J;8�wsJ;Pb:I[�Ú9=�E,<3O3869PbO�JzG Hb8�G ]$aæQhPb],<�JIP9:I<g]$H^w>G9W,Og8"[�Gb[�=N8>O3ONGb[�HbGb[>Úrw>:;SbP9H98�],<ew>[�G9]$aßwsP�PbOg<3],HªO3<g]$8�[�w�G ]ßW�8�W$:;Pb�,H9E�J�JIPJ;E$8AG9l,l,:IP9l,:I<3G J;8Za,8sJ;8"w�JIP9:z[>1ÄDxG9W,O3870,132"B�[\E,P{=f[pJ;E$87:zG9a�<eG O�[\l|G9ws8AG O3OgP�w�G{J;<3P9] <3]$[;<3a,8ZJIE,8A[;P9O38>]$P9<eaÛ1�DFE$8[;l$G9w>8�[�O3G9W|8�Og8"aº�'ìAì èÅ?)ç=êÄG :I8N:;8"[\8�:;6b8�a?�ÏPb:Ø[\�$l,l|Pb:\J"Ú <3]$[mJzG O3O3G J;<3P9]R[mJI:;�$wsJ;�,:I8�[�Ú9[;<gHb]$G O,G9]$atl|P{=N8>:rw>G9W,O38�[�ÚG ]|a�P9J;E,8�:�],8�w>8�[I[;G9:;S�[;8>:I6�<3w>8�[NJ;PRJIE,8�a�8sJI8�wsJ;P9:z[�[;�$wzE�Gb[FHbGb[NG9]$a�wsP�P9O3<3],H$1

X78sJ;8"w�JIP9:qgZG9Qh8 ü�íFî3ï ü"í 1 È��P9O38>],Pb<3a �bB�Ñ �ÄÖ Ô5@8>8>lª47��J �9vpÖ Ô �bB�Ñ �ÄÖ ÔiFG :I:;8�OYMNG9OgPb:;<3Qh8sJI8>: 0bUØÖ Ô �9vpÖ Ô5@8>8>lª47��J U �pÖ Ô 0bUØÖ Ô��J;:zG�= Dx�,W�8tM.E$G QtW|8�: 2�LpÖ Ô U �pÖ Ô�$P9:I=NG9:Ia&XZ:I<g��JAM.E$G QtW|8�:I[ U �pÖ Ô5@8>8>lª47��J 2"BØÖ Ô
D�G W,O38?0,132"B<&Ä� :zG9a,<3G9Oì[;l$Gbws8?G O3OgP�w�G{J;<3P9]&Q G l��ÏP9:FJIE,8�[\l|G9ws8@<3]$[;<3a�8AJIE,8hÈRÉ�ÊYË�Ìé[;P9O38>],Pb<3aÛ1

I�JLI�JNM ³XY9Y�WZ{sS�P ôÂTU]�vÈÇ Rp:�]�}<[N]�\
�Z[fQ��$wzE�P �xJ;E,8hÈhÉbÊYË,Ìéa�8sJI8�w�JIP9:f=�<3O3OY],8>8"a&J;PhW|8tG9[I[\8�Q�W,O38�a&<g]  �d É�É¢$&Ú�JIE,8�wsPb]$[mJI:;�|w�J;<3P9]�P ��J;E$8W,�,<3Oea�<g]$H&<e[7w>:;<gJ;<ew>G9OYJIP&G ]�S�J;<3Qh8tO3<3],8�P9�rJ;E,8R8sÍ�l�8>:I<gQh8>]�J"17��JA<3[AG W$[;P9O3��JI8>O3S�]$8�ws8"[;[IG :IS�JIE$G{J¯2�_`G Wªa,P8>6b8>:IS�J;E,<3],H�l�Pb[I[\<3W,O38�JIP�H9�|G :zG ]�J;8�8?8�G :IO3S�w>P9]$[\J;:I�$w�JI<gPb]ªP �rJIE,<e[ZW,�$<gOea�<3],H$1�47]$ws8�J;E,8tW,�,<3O3a,<g],H�w>G9]ªW�8P�w>w>�,l,<38�aÛÚ�JIE,8�G9[I[;8>Q�W$OgS�P9�`JIE,8�a�8sJI8�wsJ;P9:7w>G ]�W�8>H9<3]Y1ØDFE,8@�|:I[\Jf<�JI8>Q =�<gO3OYW�8@J;E,8�[;P9O38>],Pb<3a$G OìQ G H9]$8sJ�1��J.<e[pJ;:zG ]$[;l|Pb:\JI8�ah<3]&[;8�wsJ;<3P9]$[.G ]$a =�<3O3O|],8�8�ahJIP�W�87:I8scdG9[I[;8>Q�W$Og8"at<3]$[;<3a,8  �d ÉbÉ-$&1���JN<e[NG Oe[\P�8>Í�l|8"w�J;8"aJ;E|G{JpW�P JIE J;E,8�õ�ö d É�G ]$aRJIE,87É9eZfªw>G O3P9:I<3QR8>J;8�:I[r=�<3O3O$W�8ZG9[I[\8�Q�W,O38�ah<3]  �d ÉbÉ-$&1�DFE,8ZG9[I[;8>Q�W$Og8"ahÉ9e�f=�<3OgO,]$P JØ�,JrJIE,:IP9�,HbEtJIE,8fa�P�P9:"1���JØ<3[ØG9O3[;P?l�Pb[I[\<3W,O38.JIE$G{J.l$G :;JI[ÄP9�ìP9J;E,8�:Øa�8sJI8�wsJ;P9:z[r=NP9�,OeatW|8ZGb[;[;8>QtW,O38�a<3]&JIE,8  �d ÉbÉk$
W,�$<gOea�<3],H�G9[F=N8>O3O-14Z�YG O3O�J;E$8Z<3]�c�E|G O3O|G9[I[;8>Q�W$Og<38�[�Ú{J;E$8�õªö d É?<e[ØO3<gyb8>O3S�J;P�W|8AG ],P9J;E,8�:rJ;<3Qh8fOg<3],87W|P9J\J;O38f],8"wzyì1�DFE,8ZJ;<3Qh8�Ï:IP9Qé[mJzG :;J.P9�`wsP9]|[mJI:;�$wsJ;<3P9]��$]bJI<gOÛa�8�Og<3698�:;ShG{J�2b_xG W�<e[.8�[\J;<3QhG J;8"a�G{J.J;E,:I8>87S98"G :z[>Ú�W,��JF<�JF<e[pO3<gyb8>O3SRJ;E$G JJ;E$8�a�8sJI8�wsJ;P9:�=.Pb�,O3aæG9:;:I<3698R<g]ß[;8>6b8>:zG OØ[;E,<gl$QR8�]�JI[�[;l,:I8�Gba�Pb��J�P{698�:@J;E,8&L{c�S98�G9:@J;<3Qh8 �Ï:IG9Qh891�DFE,8>:I8G :I8?ws�,:I:I8>]�J;O3ShJm=.Phl�Pb[I[\<3W,O38�G9[I[\8�Q�W,O3S�[Iws8>]|G :I<gP�[>1rDFE,8A�$:z[mJ��ÏPbOgO3P{=f[N=�E$G{Jf=FG9[�a,P9],8@=�<gJ;E�J;E,8D5?_Ä4�6a�8>J;8�wsJ;Pb:�1ÄDFE,<e[p=NP9�,OeahE$G�6b8�J;E,8�õ�ö d É�W�8><3],H�G9[I[;8>Q�W$Og8"ah<g]$[;<ea�8fJIE,87[;P9O38>],Pb<3aY1�DFE,8Aa�:zG�=ùW$Gbwzy�JIP�JIE,<3[l,OeG ]�<e[.J;E$G J.JIE,8@G9[I[\8�Q�W,O3StP9�YJ;Eiõ�ö d Étw>G9],],P9JNW�8>Hb<g]��$]bJI<gO�JIE,8A[;P9O38>]$P9<ea <3[p�Ï�,O3OgS�<g]$[\JIG9OgO38�aY1Ä�ý[;8�wsPb]$a[Iws8>]|G :I<gPt=.Pb�,O3a&W�87JIP G9[I[\8�Q�W,O38ZJIE,8Dõ�ö d ÉR<3]�Gt6b8>:;J;<ew>G9O�Pb:;<38>]�JzG{J;<3P9]�P9��Jz[\<ea�8AJ;E,8?[;P9O38>],Pb<3aYÚ,G ]$a�J;E,8�]:IP JIG J;8h<gJ?J;P�E,P9:I<3ç>P9]�JzG OrG ]$aÇ:IP9O3Or<�J�<3]�J;P�J;E$8�[\PbOg8�],P9<ea�Gb[?G�[\<3],H9O38h�,],<gJ�1�DFE$<3[@OeG{J;J;8>:t[;w>8>]$G9:;<3P&W�P JIEG O3O3P{=f[.Gb[;[;8>QtW,OgShJIPhl,:;P�w>8>8�a�<g]�l$G9:IG9OgO38>O�=�<�JIE�JIE,8?[\PbOg8�],P9<ea�G9]$a&:;8"Ùb�$<g:I8�[.Og8"[;[F[;8>:I6�<3w>8A[;l$G9w>87W�8sJm=N8>8�]J;E$8RPb��JI[;<ea�8tP9�ØJ;E$8-õªö d É�G ]$aªJ;E,8h<3]$[;<3a�8hP9�ØJ;E,8 [;P9O38>],Pb<3aY1?�d]�W�P JIE�[Iws8>]|G :I<gP�[>Ú�J;E$8-õªö d É&=.Pb�,OeaªW�8E,8�O3a^<g]�l,O3Gbws8t=�<�JIE^W�P9OgJI[7J;E$G J@w>P9Qh8�JIE,:IP9�,HbEª:;<3],H�Hb<g:za�8�:I[7<g]ªJ;E,8RHbG9l$[ZW�8sJm=N8>8�]+J;E$8tQ G Hb],8sJ?wsPb<gOe[�1DFE,8"[\8 =NP9�,OeaæwsPb],],8"w�J?J;PªJ;E,8&B,Ñ UäÛ§ÜòJIE,<ewzy��fO3�,Qh<3]��$Q W|G9wzy�<g]$H+l,O3G J;8"[?P9]ÇJ;E$8¢õ�ö d ÉªQhP�a,�,Og8"[�Gb[[;E,P{=�]�<g]ª��<3H9�,:I8�0,1 �9�$1.�d]+W�P JIE+<g]$[\JIG9OgOeG{JI<gPb]+[;w>8>]$G9:;<3Pb[�Ú$G ]+Gb[;[;8>QtW,OgS�G ]$a�<3]$[\JIG9OgOeG{JI<gPb]�(m<3H�=�<3OgOx],8>8"aJ;P�W�8ha,8�[;<gHb],8�a�G ]$a^W,�,<3O�J"1tDFE,8"[\8RP9l�JI<gPb]$[@G :I8tw>�,:;:I8>]�JIOgS��,]$a,8>:?[mJI�$a�SªW�S�JIE,8h8>],Hb<g],8�8>:I<g]$H&[\JIG)3ßG J2�_`G W`1
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Ð�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�ÐÐ�Ð�Ð�Ð�Ð

Ñ�Ñ�Ñ�ÑÑ�Ñ�Ñ�ÑÑ�Ñ�Ñ�ÑÑ�Ñ�Ñ�ÑÑ�Ñ�Ñ�ÑÑ�Ñ�Ñ�Ñ

Ò�Ò�Ò�ÒÒ�Ò�Ò�ÒÒ�Ò�Ò�ÒÒ�Ò�Ò�ÒÒ�Ò�Ò�ÒÒ�Ò�Ò�Ò

ÓXÓXÓÓXÓXÓÓXÓXÓÓXÓXÓÓXÓXÓ
ÔXÔÔXÔ
ÔXÔÔXÔ
ÔXÔ

ÕXÕÕXÕ
ÕXÕÕXÕ
ÕXÕ
ÖXÖÖXÖ
ÖXÖÖXÖ
ÖXÖ

×X×X××X×X××X×X××X×X××X×X×
ØXØXØØXØXØØXØXØØXØXØØXØXØ

ÙXÙÙXÙ
ÙXÙÙXÙ
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ÚXÚÚXÚ
ÚXÚ

ÛXÛXÛÛXÛXÛÛXÛXÛÛXÛXÛÛXÛXÛ
ÜXÜXÜÜXÜXÜÜXÜXÜÜXÜXÜÜXÜXÜ

YOKE

COIL

BCAL

��<3H9�,:I8?0,1 �9�<&rDFE,8?iFG :I:I8>O`MNG O3P9:I<gQh8>J;8>:FW�P9OgJ;8"a�JIPhJ;E,8?<3]$[;<3a,8AP9�xJIE,8�[;P9O38>],Pb<3aÛ1
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